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Mammals are the dominant animals of the 
world. They are able to live in and 
respond to varying conditions — but 
usually only after a prolonged period of 
parental care. Opposite page: adult male 
orangutan. Above: vole, which lives in 
Europe. It is closely related to the muskrat 
and the lemming. 


Cheetah with her young. 
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MAMMALS 


by lan McT. Cowan 


The animal class of the mammals, or 
Mammalia, includes a great many familiar 
forms —horses, cows, dogs, domestic cats, 
rats, mice, sheep, goats, and rabbits, to 
name only a few. It also numbers such ex- 
otic creatures as elephants, giraffes, rhinoc- 
eroses, gorillas, sperm whales, dolphins, 
vampire bats, kangaroos, and platypuses. 
All these animals, familiar and exotic, have 
certain features in common. They are verte- 
brates, or animals with backbones. They 
have large brains and a keen awareness of 
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their surroundings. They are warm-blooded 
and possess a waterproof skin more or less 
covered with hair. The young are born 
alive, except for the platypus and spiny 
anteater, and suckle milk from the mam- 
mary, or milk, glands of the female. The 
word “mammal” comes from the Latin 
mamma: “breast,” a glandular organ that 
secretes milk. 

The mammals, including humans, 
are the dominant animals of the world. 
They live wherever life is possible—on 


A tic ice sheets and in tropical rain forests, 
or mountain crags and more than a kilome- 


te low the surface of the sea, in under- 
g! | burrows and at the tops of the tall- 
e ses, in freshwater lakes and streams 
and also in the air. They vary in size from 
the minute pigmy shrew of North Ameri- 
co — five centimeters in body length and 
v“ iing about as much as a dime—to the 
bhi- whale, a giant 30 meters long and 
we shing some 120 metric tons. Today 
th are roughly 3,500 distinct species of 
me mals. There are about 15,000 species 
and subspecies. 


REPTILE ANCESTORS 


\lammals are comparative newcomers 


to animal population of the earth. We 
car ce their descent back to the cotylo- 
sos, a reptile group that lived in the Car- 
bo “erous period, about 300,000,000 years 
agi he cotylosaurs were sluggish and 
clumsy animals that crawled on their bellies 
wii legs sprawled to the side. Many of 


probably lived in or near water, but 
laid heir tough-shelled eggs on dry land. 

| rom the cotylosaurs, directly or indi- 
rec evolved all of the reptiles: the mod- 
ermu /orms—turtles, crocodiles, lizards, and 
snakes —and those that we know about only 
fror fossil remains. The cotylosaurs were 
also ancestors of the animals known as 
mammal-like reptiles. 


A young female horse is 
called a filly; and a young 
male horse is called a colt. 


REPTILE TO MAMMAL 


The mammal-like reptiles began their 
evolution some 280,000,000 years ago. 
Some were carnivorous, or flesh-eating; 
others, herbivorous, or vegetation-eating. 
They all had one feature in common: a hol- 
low in the skull behind the eye, which ac- 
commodated large jaw muscles. In time the 
mammal-like reptiles became more and 
more like mammals. By about the beginning 
of the Jurassic period, some 180,000,000 
years ago, a population of carnivorous 
mammal-like reptiles seems to have given 
rise to small animals that clearly posses- 
sed the characteristics of mammals. The 
mammal-like reptiles themselves became 
extinct. 

Body supports. How did a sluggish, 
sprawling reptile develop into an active, 
warm-blooded mammal? We mentioned 
that the cotylosaurs crawled on their bel- 
lies. During the rise of the mammal-like 
reptiles, a gradual lengthening of the front 
and hind legs took place. The feet came 
more and more to point forward instead of 
to the side, and the legs were brought in un- 
der the body. Thus the body was lifted off 
the ground. The bones of the pelvis fused to 
form a single bony structure. These chang- 
es permitted the animals to move about 
more efficiently and rapidly. 

Teeth. Another change affected the na- 
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ture of the teeth. From a row of simple, 
spikelike teeth, which the reptiles pos- 
sessed, there developed the incisors, canine 
teeth, and cheek teeth, or molars, of the 
mammals. These teeth were set in sockets 
of the jaw. On the crowns of the molars 
evolved several cusps, or points. The mam- 
mal’s teeth could more efficiently nip off 
pieces of food, shear, and grind it. 

Skull and brain. The bony case enclos- 
ing the brain expanded during the evolu- 
tion from mammal-like reptile to mammal. 
This permitted greater brain growth and 
development. Especially important was the 
development of the cerebral cortex, a cov- 
ering of gray matter over the cerebral hemi- 
spheres. The cerebral cortex is a complex 
area of nerve cells. It is concerned with 
higher processes such as thinking and 
reasoning. 

Circulation and temperature control. A 
further change involved the heart, which 
came to be divided into four chambers. 
Through this development, blood carrying 
oxygen from the lungs to the heart is kept 
entirely separate from the blood pouring 
into the heart from the rest of the body. 
As a result, the tissues constantly receive 
a rich supply of oxygen, picked up in the 
lungs. 

Oxygen is necessary for converting 
food substances into energy. The food of 
mammals is broken into small pieces, 


Dogs. familiar domestic animals, are members of 
the order of carnivores. Carnivores are specialized 
for hunting medium- to large-sized prey. 
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through chewing, before being swalicy, 
Consequently it can be quickly di 
the stomach and intestine. The < 


food particles are rapidly transported to the 
tissues by the circulatory system. 

With a greater supply of oxygen and 
food in its tissues, there is a greater output 
of energy. Some of this goes into muscular 
work, making the mammal more active. 
Some takes the form of heat, which, carried 
by the blood, warms the body and causes 
many of its chemical reactions to proceed 
at a quicker rate. 


As body temperature rises, the mam- 
mal’s body requires more fuel or fe a 
greater consumption of oxygen, and a 
higher production of carbon dioxide and 
other waste products. As a result, h) 
circulation is increased. Of cours 
quires increased filtration of the blood by 
the kidney. 

The kidney of a mammal not only fil- 
ters the blood of salts, sugar, wate: 
wastes, such as urea, but also reabsorbs the 
sugar and most of the salt and water. Con 
sequently a highly concentrated urir 
produced, and water is conserved within 
the body. 

The mammals developed a covering of 
hair, insulating the body against both exces- 
sive heat and cold. They also evolved an 
efficient control of their surface blood ves- 
sels. Because of this, blood can be turned, 
or shunted, away from the surface when 
body heat needs to be conserved during 
cold weather. In hot weather and during 
physical activity, the body temperature is 
kept down by dilating, or widening, these 
same surface blood vessels. They then ra- 
diate heat; they also lose a watery fluid that 
escapes to the skin surface by way of the 
sweat glands. When a mammal sweats, the 
skin is moistened. Evaporation of this mois- 
ture cools the body. 

Care of young. The milk glands of mam- 
mals secrete a rich, balanced, liquid diet 
for newborn offspring. Because this off- 
spring depends for survival on its mother’s 
milk, it is under parental care for some time. 

The extended period of infant care 
further distinguishes the mammals from the 


tt 
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Poolo Koch, Rapho/PR 
mals have evolved many special features. This 
joat has a magnificent set of horns that it can 
se to defend itself from enemies. 


stiles, which usually do not give further 
attention to their young once the eggs are 
laid or the young are born. 

During the period of infant care, the 
young mammal has time to develop and 
learn a variety of reponses. When it leaves 
the protection and guidance of its parent, it 
i ed to modify its actions in the face of 
arying circumstances. 


RISE OF MAMMALS 


We pointed out that the first mammals 
probably arose about 180,000,000 years 
ago. These primitive mammals evolved into 
different types. 

One group, the monotremes, has per- 
sisted down through the ages and is repre- 
sented today by the platypus and spiny ant- 
eaters. They have fur and feed milk to their 
young, but they are very much like reptiles 
in many respects. For example, the waste 
products of the intestine, the urine, and the 
sperm or eggs pass into a common cham- 
ber, called the cloaca, from which they are 
discharged. The name “monotreme” means 
“single hole” (referring to the opening of 
the cloaca) in Greek. This is the condition 
found in reptiles. 

Another group of primitive mammals, 
called pantotheres, was made up of small 


creatures that ate almost anything. In the 
early Cretaceous period (130,000,000 
years ago), the pantotheres gave rise to the 
marsupial mammals on the one hand and 
the placental mammals on the other. 

The young of marsupial mammals are 
carried, from a very early stage of their 
development, in a marsupium, or pouch. 
Placental mammals retain their young with- 
in the body until development is quite com- 
plete. The name “placental” is derived 
from the placenta, a structure by means of 
which the fetus is nourished and discharges 
wastes in the uterus, or womb. These two 
groups changed but little during the long 
Cretaceous period, which lasted some 
70,000,000 years. 

By the end of the Cretaceous period 
some 60,000,000 years ago, the dominant 
reptiles had dwindled in numbers or had 
become extinct. Cold and dry uplands had 
been created by the building of mountains 
and other geological changes. In these up- 
lands the large reptiles were at a fatal disad- 
vantage. The mammals, however, flour- 
ished under the changed conditions be- 
cause they were warm-blooded creatures, 
with internal body temperature control and 
also because of their unrestricted diet, 
their exploratory activities, and their more 
efficient means of reproduction. The ex- 
tinction of most of the reptiles left empty 
environments that could be filled by the 
mammals. The marsupials and placentals 
adapted to these new niches, changing more 
and more in form and habits. 

The female of the marsupial, as we 
have noted, rears her young in a special 
pouch on her belly. The marsupial embryo 
develops from a comparatively large- 
yolked egg cell in the female’s uterus, or 
womb. While in the uterus, the embryo re- 
ceives little or no nourishment from the 
mother. The young is born in a very unde- 
veloped condition. For example, the new- 
born opossum is no larger than a bee. It 
crawls into the shelter and warmth of the 
pouch, where the mammary glands are lo- 
cated, and hangs on to one of the nipples. 
Milk is pumped into the young by the moth- 
er. The young remains in the pouch, at- 
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tached to a nipple, until development is 
complete. Then it leaves the pouch to feed 
on its own, but frequently returns for pro- 
tection. 

Placental mammals differ in their man- 
ner of reproduction. The embryo develops 
from an egg cell having very little yolk. A 
membrane surrounding the embryo fuses 
with tissue lining the uterus of the female. 
This complex intergrowth of tissues from 
the wall of the uterus and from the embryo 
is the placenta. In this structure, blood ves- 
sels from the mother’s and embryo’s circu- 
latory systems come into close contact. 
Though there is normally no exchange of 
maternal and embryonic blood, dissolved 
substances are transferred between the two 
systems. Food and oxygen diffuse from the 
mother’s blood into her developing young. 
Carbon dioxide and wastes, such as urea, 
are given off by the embryo to the maternal 
blood stream. When the young placental 
mammal is born—that is, delivered from 
the mother’s uterus—it is in an advanced 
stage of development. 

The placentals also differ from marsu- 
pials by having a more expanded brain case 
and a greater development of the cerebral 
hemispheres. They lack the cloaca, or 
common chamber for wastes and sex prod- 
ucts, found in all the monotremes and mar- 
supials. They are often more aggressive and 
efficient than the marsupials. However, in 
Australia, the pouched mammals survive 
despite introduced placentals that compete 
with them. 


MAMMALS IN THE ENVIRONMENT 


Mammals do not live in a vacuum. 
They must cope with the many factors of 
their environment — temperature, humidity, 
light, vegetation, other species of animals, 
and members of their own species. Some 
mammals are less adaptable than others. 
For example, the giant panda can live only 
in bamboo forests, subsisting on bamboo 
shoots. The koala, which is an Australian 
marsupial resembling a teddy bear, sur- 
vives only if the leaves of one or two kinds 
of eucalyptus trees are available to it for 
food. On the other hand, the brown rat can 
live almost anywhere and eat anything and, 
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consequently, has spread over mos! of the 
globe. 


Temperature. Though man Is are 


warm-blooded and generally contro! their 
internal temperature, the exter tem- 
perature affects them. The white rat, for 
example, can maintain a nearly ant 


temperature when outside temperatures 
range from —25° to 40° Celsius. If mu 
temperature goes much beyond th 
tremes, the animal’s own temp 
ulation breaks down, with fatal r 

Arctic foxes are active in w r even 
when the temperature drops to —50° Cel- 
sius. During blizzards the animals diy she 
ters in the snow. On the other 
armadillo, woodchuck, hamster, a: 
other rodents hibernate during F 
Their body temperature actually falls to a 
level only slightly above that of the envi- 
ronment. Bears also sleep in winter, | his 
is not true hibernation. By burning a rich 
store of body fat, their body processes con 
tinue at a rate that is only slightly lower 
than normal. i 

Humidity and water. High humidity is 
important for small bats, because their wing 
membranes dry out if the humidity falls 
much below 85 per cent. Moles also require 
dampness, and their burrows are usually 
very humid. They will die if forced from 
their burrows by a prolonged dry spell. 

The abundance of water is very impor- 
tant, because many mammals drink a great 
deal. The large African herbivores, such as 
the antelopes, zebras, elephants, giraffes, 
and buffalo, regulate their movements ac- 
cording to the water sources. These 


An arctic wolf wearing her winter coat. It helps her 
blend in with the snow. 
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vurees are also vitally important to ani- 
» such as lions, leopards, and hyenas. 
only do they need water themselves, 
t they find their prey among the herbi- 
vores that live in the general vicinity of 
or holes. 
Some mammals drink dew or rain wa- 
running off foliage when there is no 
rary Or permanent water supply. 
srs get along with the water contained 
seir animal or vegetable food. This is 
t of many carnivores, rabbits, and 
hocfed mammals, as well as certain desert 
I 
T 


its, such as pocket mice and kangaroo 


ight. Light is another environmental 
facor that affects mammals. A great many 


speo-es remain secluded during the day and 
become active only at sundown or after 
d: Chis is true of numerous small mam- 
n such as bats, flying squirrels, badgers, 
shi ows, rats, mice, anteaters, and raccoons, 
to mention a few. Other species, including 
mk monkeys, tree squirrels, and ground 
squirrels, are most active by day. The large- 


he mammals and cats, foxes, coy- 
£ rabbits may be active day or night. 
addition to regulating daily activity, 
light also controls the time of mating in 
mammals. For example, the repro- 
ve glands of the ferret mature as the 
int of daylight increases each day dur- 
ing the spring. On the other hand, with such 
mammals as goats and deer, a decrease in 
the amount of daylight per day, as in the 
fall, stimulates reproductive activity. 
Light may also govern the molting cy- 
cle, The pelage, or hair, of mammals is shed 


An armadillo’s suit of armor. Some mammals have 


a thick outer covering to discourage predators. 
Russ Kinne/PR 


in periodic molts. Some mammals molt in 
spring and autumn; others, only in the au- 
tumn. When daylight decreases day by day 
in the fall, weasels replace their summer 
pelage of brown with one of white. They 
change again to a brown coat when daylight 
increases in the spring. This is true of the 
snowshoe rabbit, which has a brown sum- 
mer pelage and a white winter one. 

Altitude. When mammals such as 
sheep, dogs, and white rats go from low to 
high altitudes, their red blood cells increase 
in number. At sea level, sheep, for example, 
have 10,500,000 red blood cells per cubic 
millimeter of blood. At an elevation of near- 
ly 5,000 meters, their red blood cells in- 
crease to 16,000,000. This increase is an 
adaptation for the high altitudes, where the 
amount of oxygen in the atmosphere is 
reduced. Since the red blood cells carry 
oxygen, more of them are needed in order 
to supply the body tissues with sufficient 
oxygen. The llama, vicuña, and viscacha 
(a rodent), which permanently live in the 
Andes at elevations of 3,700 to over 4,600 
meters, have an even better adaptation. 
Their hemoglobin, the pigment of the red 
blood cells, has a much greater capacity for 
carrying oxygen than does the hemoglobin 
of lowland-living species. 

Habitat. Certain mammals dig shelters 
in the soil. Others live entirely under- 
ground. The platypus, various marsupials, 


Sometimes the best defense is a speedy gallop 
away from the scene. These zebras have a powerful 
kick and a nasty bite as well. 
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Raccoons are omnivorous. With their nimble hands 
they can catch and "wash" all kinds of food. Rac- 
coons are cousins of the bears. 


many rodents and rabbits, armadillos, and 
carnivores, such as foxes and skunks, dig 
simple shelters in which to sleep, hide, and 
bring forth and care for their young. Voles, 
hamsters, and various ground squirrels, 
including woodchucks and chipmunks, 
store food and hibernate, during winter, in 
their burrows. The truly subterranean 
mammals such as the marsupial mole, the 
true moles, the mole rats, and the pocket 
gophers dig nesting chambers, chambers 
for storing food, connecting galleries, and 
galleries in which they hunt food. They are 
completely adapted for an underground 
life, having thick, short hair and strong, 
Oversized digging claws on the front feet. 
Their eyes are minute or missing, and exter- 
nal ears are lacking or almost so. Moles 
hunt underground insects, insect larvae, 
and earthworms. The mole rats and gophers 
feed on plant roots and tubers. 

Plants serve mammals in many impor- 
tant ways. Grassy clumps, patches of 
weeds, bushes, and the crowns of trees 
afford ideal places for small mammals to 
take shelter from the elements and escape 
the attack of carnivores and birds of prey. 
Kangaroos, deer, various antelopes, buffa- 
lo, and elephants find the forest a good 
refuge. 
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Vegetation attracts hordes oi nsects, 
which provide food for numerois small 
mammals, including opossums. shrews, 
hedgehogs, bats, civets, skunks, ertain 


ground squirrels and monkeys. 
A number of mammals live ir es and 


only rarely descend to the groune mong 
the most specialized of these ar ls are 
certain monkeys and apes. Thes e de- 
veloped great dexterity with the ands 
and feet. The thumb and great in be 
Opposed to the other fingers and toes of the 
hand and foot. This permits a s ood 
grasp of tree branches. The han ! the 
wrist are exceptionally mobile, an: long 
arms can move in almost any direction be- 
cause of the great freedom in th ulder 
joint. Gibbons and spider monkey very 


good at swinging by their arms from branch 
to branch. Some South American monks 
such as spider and howling monkey 
sess a prehensile, or grasping, í 
additional means for climbing and : 
ing secure in the trees. 

Tree squirrels live only where there 
are trees. They cling to a trunk or branch by 
their sharp claws. A sloth spends its life 
upside down in trees, using enlarged, hook- 
like claws to hang from a branch. It travels 
on the ground only with great difficulty. 

Some mammals glide, sometimes for 
considerable distances, from tree to tree. 
This is true of the flying lemurs, flying 
squirrels, and the squirrel-like marsupials 
known as flying and gliding phalangers. All 
have a furry membrane along the sides of 
the body extending between the front and 
hind limbs. When gliding, the membrane is 
stretched so that the animals almost float 
through the air like parachutes. 

Most strictly land-living, or terrestri- 
al, mammals are capable of swimming. Cer- 
tain mammals spend much or all of their 
time in water. They include the platypus, 
water opossum, water shrew, beaver, musk- 
rat, water civet, and otter. These animals 
are usually sleek and have dense fur. Most 
have elongated, pointed snouts. The feet 
are usually completely or partially webbed. 
The tail is often flattened horizontally or 
from side to side. 

The most completely aquatic mammals 


ain 


the seals, manatees, and whales. They 
treamlined spindle-shaped, or torpe- 
, bodies with extremely short necks 
o external ears. The front limbs are 
verted into paddles, and, in the case of 
als, the hind legs too. Whales and mana- 
es lack hind legs but have broad, horizon- 
ly flattened tails. Some whales, such as 

he fast-swimming killer whales and dol- 
ns, even possess a fleshy fin on the back. 
everal factors permit the aquatic 
mammals to remain submerged for some 
ti or one thing, these animals renew 
the air in their lungs, when breathing at the 
surface, more completely than do terrestrial 
inimals. In addition to the oxygen in the 
lunes, extra oxygen is taken up by blood 
i flows from the lungs into special net- 
s of blood vessels. Once a dive is 
e, the heartbeat slows down. Blood 
continues to flow in the brain and other vi- 
tal centers but is shut off from the rest of 
the body. Thus the oxygen of the blood is 
t quickly exhausted. A dive may be pro- 


lonsed without the animal being forced to 
come to the surface for air. 


DIFFERENT FOOD NEEDS 


Plant-eaters. Plants serve as food for 
numerous mammals. These animals are 
adapted in various ways for a vegetarian 
t. Fruit-eating bats, for instance, have 
flattened grinding teeth. Some bats even 
possess an elongated tongue for feeding on 
nectar. The monkeys and apes eat a consid- 
erable variety of foods; vegetation forms a 
good part of their diet. The stomachs of 
guerezas —monkeys of tropical Africa—are 
divided into a number of open sacs, which 
aid in digesting leafy food. The aquatic sea 
“cows” (manatee and dugong) are herbivo- 
rous mammals that use their lips to crop 
aquatic plants. These are digested in a 
complex stomach. Bears eat a good deal of 
plant food, including roots and berries. 


S. C. Bisserot— Bruce Coleman Ltd. 
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Top: cloven hooves and thick coats give these 
goats the advantage in high mountains. Middle: 
most horses are domesticated—bred for racing, 
riding, and draft work. There are still some wild 
ones left. Bottom: anteaters of the order Edentata 
have powerful digging claws and long snouts. 
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Some mammals are tougher than others. While many mammals are end 


` 
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species, the Norway rat continues to thrive— despite pest control 


Rodents and rabbits are well-known 
plant eaters. Their front teeth, or incisors, 
are formed like chisels and are used for 
gnawing. The molars are developed for 
grinding. Rabbits eat fresh, green food vo- 
raciously. Some of this is completely di- 
gested in the intestines. In this case the 
waste is excreted normally. Some of the 
green food, however, is fermented for a 
while in the caecum, which is a blind pouch 
off the large intestine. The food is then ex- 
creted, eaten again, and passed through the 
digestive tract a second time. More energy 
can be obtained from a given quantity of 
food as a result, 

Rodents often have storage places for 
food. Hamsters, voles, squirrels, and kan- 
garoo rats store various seeds, bulbs, tu- 
bers, roots, nuts, or mushrooms. The bea- 
ver provides itself with a winter supply of 
branches and trunks of poplar, aspen, cot- 
tonwood, and willow, from which it gnaws 
the bark. The material is submerged near 
the animal’s lodge sufficiently deep in the 
water to prevent its being caught in the ice. 

Among the most specialized of the 
herbivores are the kangaroos and hoofed 
mammals. Kangaroos have a single pair of 
lower incisor teeth with sharp inner edges, 
perfect for cutting grass. The horses and 
their kin crop grass and other vegetation 
with gripping incisors in the upper and 
lower jaws. Deer, cattle, and their relatives 
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possess only lower incisors. These k 
against a horny pad on the upper j r 
cropping. The tongue helps bring food to 
the mouth. It is covered with horny pr 
tions. It is large, mobile, and pointe 
can be considerably extended out of 
mouth. The molar teeth of all these mam 
mals have broad grinding surfaces 
molars of the elephant are immense. 7 
animal collects plant food with its trunk 


testine of horses. Deer, giraffes, antelopes, 
cattle, sheep, and goats all have a complex, 
four-chambered stomach. Food is received 
into the first two stomachs when it is initial- 
ly swallowed; here bacteria reduce the food 
to a cud (pulp). This is brought back into 
the mouth for chewing. Later it is swal- 
lowed and further digested in the last two 
stomachs. Animals digesting food in this 
way are called ruminants. 

Some whales, such as the blue whale, 
possess a series of sheets of baleen—a 
horny substance — hanging down from the 
roof of the mouth. The baleen is frayed 
along the inner edge. It strains out plankton 
from the water after the whale has engulfed 
a mouthful of water and animals. 


Phe land-living carnivores are strong 
and quick-reacting animals. Some can de- 
liver powerful blows with their sharply 
ol front feet. Many are strongly mus- 
C in the limbs, allowing for climbing, 
leaping, or the rapid pusuit of prey. 

Marine carnivores, such as the seals, 
lack carnassial teeth but have simple, point- 
ed teeth used for catching and holding fish. 
Tie walrus’ tusks are modified canine teeth 

it root up bottom-living crustaceans and 
mollusks. These are ground by the walrus’ 
broad, crushing cheek teeth. 

Certain whales, such as porpoises, 
in whales, and killer whales, have sim- 
d teeth, capable of grasping fish and 
is or tearing apart the flesh of birds, 
, and other whales. 
sect eaters. Many mammals feed on 
insects, The winged mammals called bats 
h insects while on the wing by opening 
y large mouth. It is believed that the 
that have a membrane between the 
legs may sometimes curve this mem- 
ine, in flight, so as to form a cup. The cup 
s insects out of the air. The bat bends 
n its head, while still in flight, and eats 
its prey out of this pocket. 


MEANS OF DEFENSE 
Mammals can protect themselves from 
their natural enemies in various ways. One 


of the most obvious protective measures is 
to run away. Many mammals — the cheetah, 


The hippopotamus, which lives in 
and around the rivers of central 
Africa, is a member of the pig 
family. The head of this hippo may 
weigh about 1,000 kilograms. 


for example—are very fast runners. 
Some — kangaroos and hares, for instance — 
have long hind legs that give them good 
speed in a bounding escape flight. The 
hoofed mammals have slender, elongated, 
running-type legs that lift the body high off 
the ground. The animals run on their toe- 
nails, which are modified into hoofs. 

An escaping mammal, if pressed too 
closely by an attacker, may seek to defend 
itself. Various methods are employed. The 
anteaters and sloths lash out with their 
long, strong claws. Rodents and opossums 
bite their enemies. Hoofed mammals kick 
out with their feet, or use their tusks, horns, 
or antlers. 

Sometimes, instead of running away, 
many mammals may freeze on the spot. 
This is common with young fawns. Their 
lack of movement and their dappled coat 
generally cause them to be overlooked by a 
predator. Hares will remain motionless un- 
til one comes close to them; then they 
bound away in a zigzag flight. The opossum 
“plays dead,” lying limp with eyes closed 
and tongue hanging out of its partly opened 
mouth. 

Many of the smaller mammals move 
about only at night or under the cover of 
vegetation or under fallen leaves and other 
debris of the forest floor. The large cud- 
chewing hoofed mammals come out into 
the open to feed rapidly. 

Armadillos and pangolins are armored 
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with horny plates or scales. When danger 
threatens, they roll up so that only the pro- 
tected surfaces of the body are exposed to 
an attacker. Hedgehogs, porcupines, and 
spiny anteaters are protected by hairs that 
are modified into sharp spines or quills. 

Civets, mongooses, and skunks spray 
an attacker with an evil-smelling liquid—a 
secretion from modified sebaceous glands 
in the region of the anus. 

Many mammals are patterned or col- 
ored in such a way that they blend well with 
the background. If they refrain from mov- 
ing, it is usually all but impossible to make 
them out. For example, the white winter 
coat of many weasels, foxes, hares, and 
lemmings blends with the snow. Many 
desert mammals are pale buff or tawny, 
“melting in” beautifully with the desert 
soils. 


SOCIAL LIFE 


Apart from the relations between a 
mother mammal and her young, a host of 
social relations exist among the adults and 
young of a population. Among the most 
conspicuous of these is dominance, in 
which one individual ranks over one or 
more of its fellows. The most dominant 
animal eats first. It displays aggressive be- 
havior toward its inferiors. In a given 
mammal population, male 1, say, dominates 
males 2, 3, and 4; male 2 dominates males 3 
and 4; and male 3 dominates male 4. The 
Same order may follow among females and 
among the young. The males dominate the 
females; the adults dominate the young. 

Family groups are common among cer- 
tain mammals. For example, the American 
beaver lives in a group consisting of two 
adults, the young of the current year, and 
often the young of the year before. When 
the young reach maturity they are driven 
away. Howler monkeys form clans consist- 
ing of several adult males, a greater number 
of females, and a variable number of young. 

Fur seals and sea lions live in herds for 
the greater part of the year. During the 
breeding season, the adult males form ha- 
rems of several females. At this time imma- 
ture individuals and adult bulls that have 
not been able to gather any cows make up 
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a separate group. A number of of! spe- 


cies of seals live in herds but ne orm 
harems. The males and females b ! at 
random. 

Elephants, members of the hor: ami- 
ly, hippopotamuses, many of the like 
mammals, giraffes, vicuñas, a majo: of 
the deer, and most of the cattle, ante pes, 
sheep, and goats are social creatures. ‘ en- 
erally the males associate with one o eV- 
eral females only during mating time. After 
breeding, the males abandon their m or 
harems and establish herds of males or or 
else lead a solitary life. The females . id 


young collect in a herd of their own. n- 
trolled” by an adult female leader, 

Certain mammals are not social. Phe 
chipmunk is intolerant of any others of its 
species. Only for mating do the sexes come 
together, and immediately afterward the 
male and female become antagonistic to- 
ward one another. The female associstes 
with her young only as long as they remain 
in the nest. Bears, too, join company only 
to mate. During the rest of the year, the 
males live by themselves. The fema 2S, 
however, are followed by their cubs for a 
fairly long time. 

Most mammals do not roam about at 
random. They restrict their explorations 
and food-searching activities to a home 
range. The mammal’s lodging place — nest, 
burrow, thicket, or other shelter—is within 
this range. There are also various places 
where the animal can attend to its comfort. 
For example, deer include in their home 
range wallowing places in which to take 
mud baths. The badger has a particular spot 
for sunning itself. Zebras, bears, and bison 
use termite nests or trees as “rubbing 
posts.” In general, the size of the range of a 
particular mammal depends upon the 
amount of food available for its needs. Ti- 
gers, lions, wolves, and bears have an ex- 
tensive home range. At the other extreme 
there is the woolly Opossum, which may 
stay in a single tree for several months of 
the year. 

Though many mammals spend the 
whole of their lives within a home range, 
some species migrate — that is, they travel 
from one area to another and back again. 


CLASSIFICATION 


There are 22 orders of living mammals 
in the class Mammalia. The monotremes, 
belonging to the first order, are reptilelike 
ind only remotely related to the rest of the 
nmals. The animals in the next four or- 
ders are the marsupials. The animals 

yuped together in the remaining 17 orders 
are placental mammals. Following is a brief 
account of the different orders. 

Vionotremata: duck-billed platypus, spiny 

‘eaters. The monotremes are like reptiles in 
é features of their skeleton and their egg- 
laying habit. The platypus, of Australia and 
Tasmania, has a flattened bill, flattened tail, and 
ved feet. Spiny anteaters, which possess a 
ire of spines and hair on the back, have 
ated faces and tongues adapted for eating 
Spiny anteaters live in Australia and New 
Guinea, 

Marsupicarnivora; carnivorous or omnivo- 
rous marsupials, including opossums, pouched 
f native cats, Tasmanian devil, Tasmanian 
wolf, banded anteater, and pouched moles. 

Peramelina: insectivorous marsupials, the 
bandicoots of Australasia. 

Paucituberculata: shrewlike marsupials, 
the opossum rats of western South America. 
Diprotodontia: Australian herbivorous 
supials, including phalangers, cuscuses, 
rs, brush-tailed opossums, honey opos- 
sums, kangaroos, wallabies, koalas, wombats. 

Insectivora: solenodon, tenrecs, golden 
mole, hedgehogs, elephant shrews, shrews, 
moles. These are small, secretive, mostly 
ground-living and nocturnal animals with elon- 
gated snouts. They feed on insects or are omni- 
vorous. 

Dermoptera: colugos, or flying lemurs. The 
colugos, from Indonesia and the Philippines, are 
much like insectivores except that they are 
adapted for gliding. Broad, furry skin folds ex- 
tend, at the side of the body, between the front 
and hind legs and onto the tail; when the colugo 
stretches its legs, the animal becomes a furry 
kite, gliding long distances from one tree to an- 
other. Colugos are the size of squirrels. They 
have foxlike faces. They eat leaves, flowers, and 
fruit. When sleeping, they hang upside down 
from a branch, with all four feet grasping it. 

Chiroptera: bats. These are the only 
mammals that can truly fly, doing so by flapping 
their wings. The bats are essentially insecti- 
vores. They have greatly elongated bones in the 
front limbs and fingers for supporting the wing 
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membranes. The hind legs are weak, making the 
animals almost helpless on the ground. They 
cannot walk, but can crawl and climb. When 
resting, bats hang upside down clutching a sup- 
port with the clawed toes of the hind feet. 

Bats are found on all continents except 
Antarctica, and most oceanic islands. Large 
fruit-eating bats live in the tropics and subtrop- 
ics of the Old World. The largest of these, called 
flying foxes, have a 1⁄2-meter wingspan. Most 
of the smaller species feed mainly on insects, 
which they catch on the wing. Several bats catch 
fish by hovering over the water’s surface and 
seizing the quarry with their hind feet. Vampire 
bats, of Central and South America, feed on 
blood. They pierce the skin of large mammals 
with special pointed incisor teeth and lap the 
blood oozing from the small wound. 

Edentata: anteaters, sloths, armadillos. 
The edentates are close relatives of the insecti- 
vores but are specialized for climbing and dig- 
ging. Well-developed long and stout claws arm 
the feet. The diet is somewhat restricted. Hence, 
the teeth are reduced in number and simplified. 
Additional joints in the backbone make eden- 
tates very strong. The brain is comparatively 
small. Edentates occur in South and Central 
America. One species, the nine-banded armadil- 
lo, is found in the southern United States. 

The anteaters have an elongated, tube- 
shaped snout, which is used to probe anthills 
and temite nests. They lack teeth. Sloths, which 
have a round head and a short face, are leaf eat- 
ers. They have no front teeth. The back teeth 
are simplified and lack a covering of enamel. 
Armadillos are covered by armor. Shields of 
small, flat bones in the skin, topped by horny 
plates, cover the shoulder and hip areas. Be- 
tween these bony shields are bands of horny 
plates giving flexibility to the back. The top of 
the head and the tail are also protected by horny 
plates. As with sloths, there are no front teeth. 
The teeth along the sides of the jaw are simple 
pegs without enamel. Armadillos feed on in- 
sects, carrion, and whatever else they can find 
on the ground. They are excellent burrowers. 

Pholidota: pangolins, or scaly anteaters. 
The pangolins are like anteaters but have 
evolved independently from an insectivore 
ancestor. They have an elongated snout, large 
claws, and no teeth. Flattened, leaflike, horny 
scales cover the back and sides of the body from 
the nose to the tip of the long tail. These scales, 
which are composed of fused hairs, overlap like 
the scales of a pine cone. Pangolins live in tropi- 
cal Africa and Asia; they are nocturnal, and 
several species can climb trees very well. 
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Top left: the spiny anteater is an egg-laying mammal. Bottom left: the wombat, 
a marsupial, feeds on plants. Top right: the termite-eating aardvark. Bottom 
right: the toothless pangolin is covered with overlapping scales. 


Primates: tree shrews, lemurs, lorises, gala- 
gos, tarsiers, New World monkeys, Old World 
monkeys, apes, man. The primates are closely 
related to the insectivores and apparently 
directly evolved from them. They have five dig- 
its, with nails instead of claws, on each hand 
and foot. The diet is usually restricted. 

The primates surpass all other animals in 
mental development. The brain—especially the 
cerebral hemispheres—is large. After birth, the 
young primate takes an unusually long time to 
develop and depends on parental guidance dur- 
ing much of its immature life. Family life is well 
established. 

Rodentia: mountain beaver, tree squirrels, 
ground squirrels (including marmots, wood- 
chucks, prairie dogs, chipmunks), flying squir- 
rels, pocket gophers, pocket mice, kangaroo 
rats, beaver, New World mice (including wood, 
pack, and cotton rats), hamsters, lemmings, 
voles (including muskrats, meadow mice), ante- 
lope rats, mole rats, bamboo rats, Old World 
rats and mice (introduced everywhere and in- 
cluding house rats and mice), African tree mice, 
dormice, jumping mice, jerboas, porcupines, 
guinea pigs, capybaras, pacas, chinchillas, coy- 
pus, and many others. There are more species of 
rodents than all other species of mammals com- 
bined. 

Rodents have just four front teeth that are 
chisellike and adapted for gnawing. 

Rodents have a great capacity for repro- 
duction. This and their generally small size ac- 
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count for their great success in the world, They 
occur almost everywhere. 

Lagomorpha: pikas, or conies, hares, rab- 
bits. These superficially resemble rodents but 
are not closely related to them. They have chis- 
ellike front teeth, but, unlike rodents, the lago- 
morphs have a second, smaller pair of incisor 
teeth in the upper jaw. The cheek teeth cut vege- 
table food rather than grind or crush it. 

Mysticeta: baleen, or whalebone, whales. 
including rorqual or finback whale, humpbacked 
whales, blue whales, right whales, gray whales. 
They feed by filtering krill through the baleen 
plates that hang down from their upper jaws. 

Odontoceta: toothed whales, including 
river dolphins, beaked whales, sperm whales, 
beluga whales, narwhals, dolphins, killer 
whales, and porpoises. They feed using their 
teeth and have a single blowhole. 

Carnivora: dogs, wolves, foxes, hunting 
dogs, bears, raccoons, pandas, weasels (in- 
cluding ferrets, minks, wolverines, badgers, 
skunks, otters), civets, mongooses, hyenas, cats 
(from the lion to the domestic tabby), eared seals 
(including fur seals, sea lions), walrus, true seals 
(including common, harbor, and harp seals, ele- 
phant seals). These lithe, powerful, generally 
clawed mammals are highly specialized for hunt- 
ing medium-sized to large prey. 

Tubulidentata: aardvarks. These short- 
legged, nocturnal African mammals are the size 
of a small pig. The head is long and pulled out 
into an elongated, tubular snout. Long, slender 
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Top left: a yawning hyrax, a rabbitlike mammal distantly related to the elephant. 
Bottom left: collared peccaries are hoofed, with even-numbered toes. Right: 
tapir and young. Tapirs are also hoofed but have odd-numbered toes. 


ears surmount the head. The tail is heavy and 
tapering. With its powerful front legs and sharp, 
fat nails, the aardvark digs burrows and tears up 
the nests of termites upon which it feeds. The 
cheek teeth are small cylinders lacking enamel. 
here are no incisors or canine teeth. 

Proboscidea: elephants, These are the larg- 
est of land mammals. The flexible muscular 
trunk is formed by the elongation of the nose 
and upper lip. The trunk’s tip is a sensitive 
grasping organ. Tusks are protruding upper 
incisor teeth, which continue to grow long after 
adulthood is reached. 

Hyracoidea: hyraxes. The hyraxes, of 
Africa and Asia Minor, resemble rabbits some- 
what in appearance and habit, though they have 
short ears and some live in trees. 

Sirenia: dugong (or sea cow), manatees. 
The naked-skinned sirenians are related to 
the hoofed mammals but are modified for an 
aquatic mode of life. The body is streamlined, 
and the head is low, ending in a blunt, bristly 
snout. The brain is small. Manatees live along 
the Atlantic coasts of Africa and the tropical 
Americas, sometimes going far up the larger riv- 
ers. The dugong inhabits the coasts of the Red 
Sea, Indian Ocean, and western Pacific. 

Perissodactyla: horses (including asses and 
zebras), tapirs, rhinoceroses. These are the 
hoofed mammals with odd-numbered toes. In 
these animals the axis of the foot passes through 
the middle, or third, toe, which is best de- 
veloped. The horse has one functional toe on 


each foot; the tapirs and rhinos, three. The toes 
end in hoofs. Horses have elongated limbs spe- 
cialized for swift running; the tapir’s legs and 
feet are short and stocky, The odd-toed hoofed 
mammals have a full set of incisor teeth for crop- 
ping plants. 

Wild horses occur in Asia and Africa, but 
domestic forms are worldwide in distribution. 
The rhinoceroses, of Africa and Asia, carry 
horns that are formed of clumped masses of hair 
without a bony core. Tapirs, which live in 
Indonesia and Central and South America, 
have the nose elongated into a short, flexible 
trunk, 

Artiodactyla: pigs (including water hog, 
wart hog, babirussa, peccaries), hippopotamus- 
es, camels (including llama, vicuña), chevro- 
tains, deer (including musk deer, muntjak, fallow 
deer, elk, moose, caribou), giraffe, pronghorn, 
cattlelike mammals, antelopelike mammals, 
goatlike mammals. These are the hoofed animals 
with even-numbered toes. There are either two 
or four functional toes, usually bearing hoofs, on 
each foot. 

Some forms—called ruminants—such as 
deer, giraffes, cattle and their kin—have the 
stomach divided into four compartments. The 
horns of cattle and antelopes are formed of a 
horny material over a bony core. Deer antlers 
are bony outgrowths, which are shed periodical- 
ly. The even-toed hoofed mammals are native to 
all continents except Australia, where domestic 
forms have been introduced, and Antarctica. 
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THE EGG-LAYING MAMMALS 


What has a beak like a duck, lays eggs 
like a reptile, and has fur like a beaver? A 
duck-billed platypus. 

It is very hard to believe that a duck- 
billed platypus is a mammal. After all, 
everyone know that mammals do not lay 
eggs. Or do they? 

Zoologists have studied this strange 
animal’s anatomy and physiology and have 
decided that the duck-billed platypus is 
indeed a mammal. It is a warm-blooded, 
fur-bearing animal that has functional 
mammary glands. And, if one egg-laying 
mammal is not enough for you, then have 
another—a spiny anteater. 


EVOLUTION 


The duck-billed platypus and the spiny 
anteater are members of the subclass of 
mammals called the Prototheria, or “first 
mammals.” There is only one order—the 
Monotremata, or the monotremes, The 


A duck-billed platypus. This Primitive mammal 
looks like a collection of parts from other animals. 
It makes its living in creeks and rivers. 
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monotremes are divided into two ilies: 
the spiny anteater family Tachy; dae 
and the duck-billed platypus family Orni- 
thorhynchidae. Both of these fam are 
found only in Australia, New Guin ind 
Tasmania. 

Not much is known about the evolu- 
tion of this primitive order of m Is. 
Fossils of an ancestral form of the ni- 
mals have been found only in t 1s 
where the existing animals are foun ne 
authorities believe that the only mn 
these animals survive today is bec: of 
the isolation of the regions in whi hey 
live. They have very little competition from 
other, more advanced mammals. 

Zoologists think that the line lea: to 
the present-day monotremes musi ve 


split off very early from the main of 
mammalian evolution. They theori vat 


some years ago, mammal-like rep iles 
known as therapsids evolved into two lines. 
One line led to the prototheria, and the 


other to the rest of the mammals. 
MANY REPTILIAN FEATURES 


Monotremes have some decidedly rep- 
tilian features. The most striking similari- 
ties involve the reproductive system. In 
monotremes, as in reptiles, the reproduc- 
tive, urinary, and digestive tracts all me rge 
in a common chamber called the cloaca, 
which opens to the outside. The sex organ 
of the male monotreme has a structure 
somewhat similar to that of the penis of a 
reptile. The female monotreme lays eggs. 
These eggs have a large yolk and are 
covered with a leathery shell—still other 
reptilian features. 

The structure of the monotreme’s pec- 
toral, or shoulder, girdle and the presence 
of scalelike structures on the skin of the 
platypus and spiny anteater also show their 
close relationship to reptiles. 

Monotremes do, though, have charac- 
teristic mammalian features. They are 
warm-blooded — that is, their body temper- 
ature is not totally dependent on their envi- 
ronment but rather is regulated by complex 


internal mechanisms. They do have hair or 
fur, and the females do have mammary 
p 


ids. The structure of the heart, circula- 
system, and brain of the monotremes 
all reveal similarities with correspond- 
tructures of other mammals. 


SPINY ANTEATER 


The spiny anteater is stout and com- 
pact with a short tail. It is about 60 centi- 
meters long and is covered with protective 
spines, It has a long snout that looks like a 
beak. A long, narrow tongue slips through 
the snout to pick up the animal’s favorite 
food—ants and termites. The spiny anteat- 
er has very long, hard claws and can dig 
very quickly with these claws. 

The female spiny anteater lays her 
eggs and then places them in an abdominal 
pouch, She carries them around for about 
ten days until the young hatch. The young 
remain in the pouch until the spines de- 
velop on their skin—about ten weeks later. 
While they are in the pouch, they are fed by 
milk that oozes out of the mammary gland. 
The young do not suckle, but lick up the 
milk as it trickles down the hair near the 
gland. The spiny anteater is long-lived. It 
may live over fifty years. 


The spiny anteater. The ani- 
mal lives on ants and termites 
caught by the long snout. 
This egg layer carries its 
young in a pouch. 


THE DUCK-BILLED PLATYPUS 


The duck-billed platypus is about 60 
centimeters long, 15 centimeters of which 
make up a flattened tail. The platypus has 
very thick fur and a broad, flat beak. 

The platypus is specialized for finding 
food in the creeks and rivers in which it 
lives. The webbed feet help the animal 
swim underwater in search of food. It feels 
for food along the bottom with its highly 
sensitive duck-bill. It does not rely on sight- 
ing food: its small eyes are weak. The platy- 
pus has no teeth, but the mouth has horny 
ridges that help break and grind the food. 
The platypus lives on insect larvae, crusta- 
ceans, snails, and an occasional fish. The 
animal eats a very large amount of food. 

The female platypus usually lays two 
eggs. Unlike the spiny anteater, she has no 
brood pouch. The eggs are incubated in a 
nest. 

The male platypus is the only truly 
venomous mammal known. This animal 
has rear ankle joints with hollow spurs 
which are connected to venom glands. 
Males can drive these spurs into an enemy, 
releasing venom into their victim. Such a 
platypus attack is quite painful. 
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KANGAROOS AND OTHER 


POUCHED 


The curious creatures known as mar- 
supials, or pouched mammals, make up an 
unusual collection of animals. Their mode 
of reproduction in particular differs radi- 
cally from that of most mammals. Most 
mammals, greatly as they may differ from 
one another in size and habits, reproduce 
in much the same way. The female pro- 
duces a tiny egg cell that is fertilized within 
her body, and after a time comes to rest in 
her womb, or uterus. As the egg develops, 
membranes are formed around it. One of 
these membranes fuses with the wall of the 
uterus so that a firm connection is made 
between the developing young, or embryo, 
and its mother. This connection, which is 
called a placenta, is richly supplied with 
blood vessels. It serves as a passageway, 
by which nourishment and oxygen are 
passed from the mother to the embryo. 
After a certain length of time, varying with 
different species, the then well-developed 
young is forced from the womb and is born 
—that is, leaves the mother’s body. The 
mammals that reproduce in this way are 
sometimes called placental mammals, or 
placentals. 

The female pouched mammal brings 
forth its young in a different fashion. It pro- 
duces an egg with a much larger supply of 
yolk than that of a typical placental egg. 
This egg is fertilized within the body of the 
female, but no placenta is developed. (The 
rabbitlike bandicoot of Australia is an ex- 
ceptional case. A primitive and only partly 
developed placenta is formed within its 
body.) 

The embryo in the womb of the female 
pouched mammal is nourished on the yolk 
of the original egg cell. A nutritive solution, 
called uterine milk, in which the embryo is 
bathed, also furnishes a certain amount of 
food material. The embryo does not remain 
long in the mother’s womb. It is forced out 
of the body at a very immature stage of 
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development. The young of the opo 
leaves the mother’s body eight days 
the fertilization of the egg. The young 

kangaroo remains in the womb for on 
days. 

When the baby marsupial em 
from its mother’s body, it is an al 
shapeless bit of flesh. Little more th 
centimeter in length, it is blind and n: 

No external ears show. The hind leg 

tail are mere buds. Surprisingly en 
however, the front legs are equipped wiih 
large clawed hands, whose nerve cente 
are well developed. By means of t 
hands the baby crawls up the mot 
belly and finds its way to the pouch 
marsupium, which is located there. T 
pouch gave rise to the name marsupials 


DEVELOPMENT IN THE POUCH 


The baby animal finds shelter and 
warmth in the marsupium. Within it are the 
mother’s teats, through which the little 
animal draws milk. The baby fastens on one 
of the nipples with its mouth, so that the 
nipple is thrust far down into its throat. The 
upper and lower lips of the little animal 
grow together at the corners around the 
nipple, and the nipple itself swells. As a 
result the baby is securely fastened to its 
source of nourishment. Thus enclosed 
within its mother’s pouch, the young mar- 
supial feeds and grows. It leaves its snug 
shelter only when it is fairly well developed 
and capable of eating and digesting other 
kinds of food besides its mother’s milk. But 
it does not leave its pouch sanctuary per- 
manently, even at this Stage of its develop- 
ment. As we shall see, it hops back into the 
pouch quite frequently, particularly if dan- 
ger threatens. 


EVOLUTION OF MARSUPIALS 


In order to understand the relationship 
between the marsupials and the placental 
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Pizzey— Bruce Coleman Lid. 


Ka garoos are the largest marsupials. They can bound across the Australian 


Pieins at speeds of more than 50 kilometers per hour. 


ar reals, we must go back to the early histo- 
ry of the mammal group. The earliest 
mammals, which were descended from 
mamallike reptiles, were in all likelihood 
smali creatures that lived in trees. From 
these early animals various mammal types 
d. One type, which reproduced its 
Kind by laying eggs, succeeded in maintain- 
ing itself. Today, this group of egg-laying 
mals is represented by the platypus 
1e spiny anteater of Australia. Two 
other groups of mammals managed to sur- 
and became the ancestors of our mod- 
ern placentals and marsupials. 

The early marsupials were opossum- 
like. They had small brains, but they were 
far more intelligent than any of the reptiles 
that were then living. Gradually marsupials 
Spread throughout the tropical and temper- 
ate regions of the world. In the course of 
time they came into competition with the 
placentals and almost invariably suc- 
cumbed to their rivals. Gradually the mar- 
Supials were driven out of Eurasia, Africa, 
and North America. They continued to 
thrive in South America and Australia. In 
the course of time, however, great numbers 
of highly developed placental mammals 
pushed their way into the South American 
continent. The marsupials could not with- 
Stand this onslaught, and most of them per- 
ished. Today a few scattered species, in- 
cluding the opossums, are the only surviv- 


ing representatives in the two Americas of 
what was once a flourishing population of 
marsupials of many different kinds. 

The marsupials of Australia fared 
much better than their American cousins. 
About 50,000,000 years ago, Australia 
became isolated from the rest of the world. 
The marsupials dominated this vast land, 
and they increased their numbers and 
evolved into many different types. 

As is quite frequently the case with an 
actively evolving group, some of the Aus- 
tralian marsupials became giants. There 
was a lionlike marsupial species, a three 
meter tall kangaroo, and a rhinoceros-sized 
wombat. 

The disappearance of marsupial giants 
like these is a puzzling problem. Changes in 
climate, decreasing food supply, the spread 
of poisonous plants, the outbreak of dis- 
ease—all these factors may have been in- 
volved. Other marsupials of Australasia, 
however, were more successful than their 
giant relatives and have survived to mod- 
ern times. They exploited the opportunities 
at hand and so spread out into a variety of 
habitats. 

In modern times, however, some mar- 
supials of Australia, particularly the smaller 
species, have seriously decreased in num- 
bers. Some species have become extinct. 
The primary causes seem to be loss of 
habitat. Agricultural and stock-raising 
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activities have drastically taken away 
good grazing land and introduced animals 
have destroyed marsupials. Recent re- 
ports, however, indicate that some mar- 
supials, particularly kangaroos, are in 
no danger and are in fact increasing in 
numbers. 


TYPES OF MARSUPIALS 


The marsupials evolved into three 
major types. One group became carnivo- 
rous. There were catlike marsupials, today 
called native cats; wolflike creatures, repre- 
sented by the modern Tasmanian wolf: and 
a wolverinelike animal, from which the 
modern Tasmanian devil descended, An- 
other group was insectivorous. It included 
marsupial anteaters with long snouts, mar- 
supial moles with reduced eyes and well 
developed fore limbs, and pouched mice, 
resembling the shrews of other parts of the 
world. A third group, including phalangers, 
kangaroos, wallabies, wombats, and koalas, 
became herbivorous. 

The phalangers were tree dwellers. 
They had prehensile tails, by which they 
could cling to branches. Some even de- 
veloped extensions of skin along the sides 
of their bodies, so that they could soar from 
one treetop to the next. Kangaroos and 


wallabies became ground-dwelling plant 
eaters. They hopped about on their hind 
legs. The wombats became tailless ut- 
bodied animals with rodentlike gri ng 
teeth. 


KANGAROOS 


Our survey of the Australasiar 
supials begins with the kangaroo f 
Macropodidae. It is a varied group it 
includes various sized members fr J 
kangaroos, which stand nearly twọ met 
to the musk kangaroo, which is only 
size. Wallaroos and wallabies also belong 
to this family. These marsupials are all 
hopping animals. The front legs are - 
tively short and undeveloped. The hind legs 
are enlarged and muscular. The hind feet 
are elongated. The fourth toe is the lor 
The short second and third toes are fused 
together. There is no first toe. All | 
front teeth specialized for clipping gra 
shoots, and leaves. The molar teeth 
ridges on their crowns for grinding 
vegetable food. 

The kangaroos (genus Macropus) are 
large, powerfully built animals capable of 
bounding at speeds of more than 50 kilo 
meters per hour for short distances. When 
moving at a slow pace they spring a dis- 


The wombat is a ground-dwelling marsupial. It uses its clawed front feet and 
rodentlike teeth to excavate burrows and tunnels. 
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f about two meters at a single bound. 
they increase their speed they may 
leaps of eight meters. While they are 
ing rapidly, the heavy, thick tail is 
+ out almost horizontally to counter- 
= the forward thrust of the body. The 
is also used as a rudder to swing the 
when the animal wants to make a turn 
| speed. When the kangaroo grazes, 
rched body rests on all fours. To move, 
tH ‘imal pushes its tail against the ground, 
al ihe same time lifting its hind legs and 
swinging them forward. 
ie red kangaroos are plains dwellers, 


whocas the great grey kangaroos inhabit 
bru:hy country and open forests. Both are 
gracefully built animals with exceedingly 
lone hind legs and thick but tapering tails. 
‘angaroos usually mate once a year 
and have one or, rarely, two young. They 
car aowever produce more than one litter 
a r. sometimes nursing two generations 
at ouce while yet another generation is in 


an esrly stage in the womb. 

Fhe only help the mother seems to give 
her tiny offspring in finding the pouch is to 
i path in her fur from the opening of 


nfant embryo loses its way in her fur 
s to the ground, she does not help 
it. The time taken for the young to make the 
journey to the pouch is judged to be about 
fifteen minutes with the great grey kangaroo 
and from five to thirty minutes with the 
red kangaroo. Once the weaned young 
leaves the maternal pouch, it does not stray 
far from its mother, jumping back into its 
retreat at the first sign of danger from fox, 
dingo, or eagle. If a female, carrying a 
young one, is chased by dogs or a hunter 
on horseback, she will dump her offspring 
from the pouch. Whether she does this to 
lighten her load or allow the young to es- 
cape is not known. It is said that if she 
survives the chase, she returns to where the 
young was dropped. 

Wallaroos are stockily built kangaroos 
that live in rocky regions of the mountains. 
They have roughened soles on their hind 
feet which prevent slipping as they leap 
from rock to rock. 

Tree kangaroos of the genus Dendro- 
Ja t.. Wey 
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Male kangaroo resting. When the kangaroo de- 
cides to move, it will push off the ground with its 
strong tail. 


lagus differ somewhat from the other mem- 
bers of the kangaroo family because of their 
tree-dwelling habits. The hind foot is com- 
paratively shorter and broader. Though 
not a grasping organ, it has curved, sharp 
claws and roughened soles. The forelimbs 
are more equal in length to the hind, and the 
broad hands serve admirably in climbing. 
The tail is long and slender but not prehen- 
sile. Tree kangaroos ascend trees to sleep, 
feed on leaves and fruit, and escape from 
predators. Compact of body, they climb 
agilely, using the tail as a prop and balancer. 
Usually they descend a tree tail first, but 
if hard pressed they leap downward five 
to ten meters to another tree or to the 
ground, where they easily alight on all 
fours. 

Rat kangaroos are diminutive mem- 
bers (subfamily Potoroinae) of the kanga- 
roo family. They are agile, ground-dwelling 
marsupials equipped with prehensile tails. 
They feed on grasses, fungi, tubers, and 
refuse. Rat kangaroos dig burrows or shal- 
low depressions sheltered by bushes or 
a fallen tree. Some rat kangaroos dwell to- 
gether in colonies, but others live in pairs or 
are solitary. 

Musk kangaroos, genus Hypsiprymno- 
don, seem to be intermediate between the 
kangaroos and the phalangers, or “pos- 
sums.” The hind legs are not so dispro- 
portionately large; the tail is opossumlike — 
hairless and scaly. Unlike the kangaroos, 
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the musk kangaroo possesses a big toe; this 
is not opposable to the other toes. 


WALLABIES 


Wallabies are kangaroolike in habits 
and appearance but are of medium and 
small size. The smaller ones dig ground 
burrows that have an open exit some dis- 
tance from the entrance. When frightened, 
they dash for the burrow from some look- 
out point close by the entrance. Larger wal- 
labies seek refuge in ground hollows 
scooped out under bushes. The brush wal- 
labies (Protemnodon) are large, gracefully 
built, and often distinctly marked and hand- 
somely colored. Scrub wallabies, or pada- 
melons (Thylogale), are smaller and are 
thick-tailed. They live in dense scrub areas 
and have tunnellike runways through the 
heavy undergrowth. Rock wallabies 
(Petrogale) are skilled in climbing and 
bounding over the rocks in mountainous 
areas. Their foot pads, like those of the 
wallaroos, are roughened, giving traction 
on slippery surfaces. Nail-tailed wallabies 
(Onychogalea) get their name from the 
horny projection at the tip of the tail. The 
hare wallabies (Lagorchestes) are solitary 
animals, much like hares in habits and ap- 
pearance. 


PHALANGERS 


The phalangers (family Phalangeridae) 
are cat-size or smaller marsupials, special- 
ized for tree living. They have sturdy limbs 
and curved claws. Unlike the kangaroos, 
they possess a first hind toe. This toe is 
Opposable to the other toes and is used for 
gripping. The tail is either prehensile or, as 
with the gliding phalangers, is extravagant- 
ly furred, almost featherlike, and serves as 
a rudder. The phalanger’s head is some- 
what squirrellike. The well-formed mater- 
nal pouch opens toward the front. The sec- 
ond and third toes are joined together but 
have separate claws. This arrangement 
Serves as a comb to preen the fur. Phalan- 
gers are night-roaming and feed on insects 
and vegetation. 

The honey mouse, or honey possum 
(Tarsipes), is a tiny phalanger with an elon- 
gated, trunklike muzzle, which can be 


The female kangaroo carries her young in he 
pouch. They seek her pouch when frightened 


thrust deeply into flowers for nectar and 
pollen. The pygmy possums (Cercaértis) 
are small phalangers that hibernate in cold 
weather. Other noteworthy phalangers in- 
clude striped possums (Dactylopsila), ring- 
tailed phalangers (Pseudocheirus), com- 
mon possums (Trichosurus), and cuscuses 
(Phalanger), which have small ears and a 
prehensile tail with a naked and scaly tip. 
Gliding phalangers belong to three separate 
groups, but all possess gliding membranes 
along the sides of the body. 


KOALAS 


The koala, or native bear (Pha- 
scolarctos), appears to be related to the 
phalangers, but it differs from them by 
having only a rudimentary tail and well- 
developed cheek pouches, The maternal 
pouch faces to the rear instead of forward. 
The koala is completely arboreal, climbing 
by means of its Strong limbs and powerful 
claws. This robust marsupial, which has a 
woolly coat, feeds exclusively on the leaves 
of only a few species of eucalyptus. Koalas 
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usually breed only once every two years. 
One young (sometimes two) is born. When 
tlic young abandons the pouch it climbs to 
the mother’s back. She carries the cub until 

almost full grown. A curious habit 
c e female koala is to manufacture a 
or soft food, of eucalyptus leaves in 
y at the time when the young one is 
g weaned. The cub eats this pap, which 
€ ins no excrement, from the mother’s 
a pening. Apparently this food greatly 
speeds up the young’s growth. 


\ ATS 


e wombats are ground-dwelling 
ipials, being heavy-bodied with short, 
. They are excellent burrowers 
ar vill sometimes excavate an under- 
ground tunnel extending nearly 30 meters 
i sth. Their front feet carry power- 
sging claws. Their rodentlike front 
teet gnaw through any roots that obstruct 
the.» tunneling activities. The tail is a mere 
ind the head large. These nocturnal 
ils live alone, pairing only at mating 
time. Grasses, fungi, and the inner bark of 


some trees and shrubs make up their diet. 
Th »mmon wombat (Phascolomis) is 
distinguished by having short, rounded 
The koala is the teddy bear of Australia. Adapted for 
arboreal life, it eats only eucalyptus leaves. 
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ears, coarse hair, and a naked area on the 
muzzle. It is fairly large, measuring over 
one meter. The hairy-nosed wombat (Lasio- 
rhinus) is smaller. It has soft, silky fur and 
longer, tapering ears. 


BANDICOOTS 


The bandicoots (family Peramelidae) 
are ratlike or rabbitlike marsupials having 
pointed muzzles and large ears. Their hind 
limbs are fairly long, with the second and 
third toes fused. The front limbs are small. 
These curious little animals are both her- 
bivorous and carnivorous. 


INSECT-EATING MARSUPIALS 


The marsupial mole (Notorcytes) is 
outwardly completely molelike. Its body is 
small and compact, its muzzle cone-shaped. 
The tiny ears lie buried in the short fur of 
the head, the legs are short and stocky, the 
fingers have enlarged digging nails and the 
tail is a rudiment. The non-molelike feature, 
of course, is the pouch, which opens to the 
rear. This little marsupial plows through the 
desert sand more than five centimeters be- 
low the surface, coming above ground at 
intervals. It feeds on ants and probably 
other insects and worms. 


The cuscus is a member of the phalanger family. 
The prehensile tail helps it in its arboreal habitat. 
Fiels/PR 
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The Tasmanian devil is a small, but powerful, car- 
nivorous marsupial. 


Another insect eater, the banded ant- 
eater (Myrmecobius), feeds on ants, ter- 
mites, and their eggs and larvae. This mar- 
supial is rat-size and has a long, bushy tail, 
prominent ears, and a pointed muzzle. Its 
tongue, by which it captures insect prey, is 
long and thin. The female marsupial ant- 
eater lacks a pouch. The young are pro- 
tected only by her fur as they cling firmly to 
her nipples. 

The pouched mice (subfamily Phasco- 
galinae) are also insectivorous. They are 
similar to mice but have numerous needle- 
like teeth and more tapering muzzles. Some 
Species live in trees, while others are 
ground dwelling. 


CARNIVOROUS MARSUPIALS 


The native cats (Dasyurus) supple- 
ment their insect diet with birds and birds’ 
eggs. These white-spotted carnivorous 
marsupials are weasel- or martenlike and 
are mostly nocturnal and tree-living. 

The Tasmanian devil (Sarcophilus) is 
a fairly small though powerful flesh eater. It 
can climb but usually lives in rocky areas, 
where it hunts for the smaller wallabies, rat 
kangaroos, rats, birds, and lizards. This 
animal is short-legged, with a large head 
and strong jaws. Like the marsupial wolf, it 
is confined to Tasmania. 

The Tasmanian wolf ( Thylacinus) 


lives only in the most inaccessib! parts 
of its island home. The largest marsupial 
carnivore, it is strikingly doglike ling 
on its toes more than does any o nar- 
supial. It has piercing canine tec esh- 
shearing premolar teeth, and bone- ing 
molars. The animal is nocturnal iting 
alone or in pairs for other marsup ats, 
and birds. 
NEW WORLD MARSUPIALS—OPO iS 
Aside from the pouched mammals of 
Australia and neighboring areas, ily 
other marsupials inhabit the New rld. 
These include the South Americar os- 
sum rats (Caenolestes), which are ; id- 
living and have no pouches, and the arbo- 
real woolly, murine, and common opossums 
(family Didelphidae) of South, Central, 
and North America. Most posses: ed, 
prehensile tails. The females bear any 
young at one time. Those that |: he 
pouch carry their young at first attached 


to the nipples. Later the infants climb to tt 
mother’s back, wrapping their tails aroun 
hers. 


One species of opossum, the yapock, 
or water opossum, seems to be the nly 
marsupial specialized for an aquatic life. It 


is found along rivers and other bodies 
water from Guatemala to southern Brazil. 
Above, it is ashy gray, with broad black 
cross bands. It is whitish below. 
aquatic marsupial is about three-quarters < 
a meter long. It has webbed feet, a mar ipi- 
al pouch, and a naked, prehensile tail. The 
yapock feeds upon aquatic animals. 

The most familiar of the opossums 
is the Virginian, or common, opossum 
(Didelphis virginiana). It ranges from New 
York to Florida and from the Atlantic coast 
to the Great Lakes and south to Texas. It is 
about as large as a cat, Its tail is some 40 
centimeters long. It has a long pointed 
snout, sharp teeth, prominent ears, a long, 
almost naked prehensile tail, and a marsupi- 
al pouch. It has long, grizzled gray external 
hairs and short, whitish underfur. Opos- 
Sums are nearly omnivorous. The opossum 
den is comfortably bedded with leaves and 
dry grass. There, litters of five to fifteen 
young are born once or twice a year. 
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THE INSECT EATERS 


he group of small mammals that spe- 
ive in eating insects includes the hedge- 
shrews, moles, tenrecs, and soleno- 
: These insectivores, or insect eaters, 
as Hey are called, are widely distributed in 
the temperate and tropical portions of the 
Olki and New Worlds. Hedgehogs are 


cialize 


fours in Europe, Asia, and Africa. Moles 
anc shrews are also found in those conti- 
ne as well as in North America. The tail- 
less tenrec dwells on Madagascar. The rat- 
like solenodon lives in Haiti and Cuba. Aus- 
trala and the oceanic islands have no mem- 
bers of this group. South America has prac- 
tically none; the only representatives of the 
insect eaters in that continent are a small 
number of shrews. 


GENT AAL CHARACTERISTICS 


he insectivores are not seen as fre- 


quently as other mammals. They are shy 
and retiring animals. They are mostly ac- 
tive ai night, frequenting places where 
abuncant growths of vegetation serve to 
attr: umerous insects. For the most part 


they small-bodied creatures with elon- 
gated and mobile snouts and small eyes and 
ears. They possess musk, or scent, glands, 
from which a strong-smelling substance is 
secreted. Their toes are armed with very 
strong claws. Certain species of insecti- 
vores use these claws as tools for burrow- 
ing into the earth. 

The burrowing types of insect eaters, 
such as the moles, excavate a vast network 
of tunnels in the ground. The shrews and 
the hedgehogs, on the other hand, live 
above ground, though shrews sometimes 
use the tunnels made by mice. The African 
otter shrews, the water shrews, and the 
water moles are particularly well fitted for 
an aquatic type of life. Most of the insecti- 
vores supplement their staple diet of insects 
with worms, snails, lizards, and small birds. 
Shrews often devour mice. Otter shrews 
feed upon fish. Hedgehogs also consume 
fruit. 

Though many animals, such as birds, 


The insectivores, or insect eaters, are a group of 
small, shy mammals. Top: a musk shrew, useful in 
ridding a home of insect pests. Middle: a shrew 
mouse. Bottom: hedgehogs—common in the Old 
World. 
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fish, bats, frogs, snakes, and other mammals 
eat insects, they are not all insectivores, 
The true insectivore is a mammal distin- 
guished by its peculiar teeth. These have 
the shearlike action of the typical carni- 
vore, as opposed to the grinding action 
found in most other animals. In addition, 
the insectivore’s teeth are furnished with 
sharp projections enabling the animal to 
seize and pierce the body of insects. Nearly 
all members of the order po 

narrow, mobile muzzle. The brain shows 
several primitive characteristics. These 
primitive characteristics are large olfactory 
bulbs (extensions of the brain concerned 
with the sense of smell), few folded sur- 
faces, and an underdeveloped cerebrum. 
The cerebrum is well developed in the 
higher mammals, such as the apes. In man 
and other higher mammals this portion of 
the brain is concerned with the thinking 
process. 


GROUP HISTORY 


Though the insectivores make up only 
a small part of the present-day mammalian 
population, they are particularly interesting 
because they show us what some of the first 
mammals were like. Between 160,000,000 
and 230,000,000 years ago, certain reptiles 
gradually evolved into the mammalian type 
of animal. The first mammals were quite 
small. They ate either insects or flesh and 
they lived in trees. Their small size and 
tree-dwelling habits undoubtedly helped 
them escape the attention of the formidable 
flesh-eating dinosaurs. From this early 
mammalian stock several types of mam- 
mals evolved. One branch developed into 
the egg-laying mammals, such as the duck- 
billed platypus; another, into the pouch- 
bearing animals; still another, into the true 
insectivores. The bats, which still feed on 
insects, were an early offshoot from these 
insectivores. 

The insectivores of today seem to have 
departed but little from their ancestors. It is 


Moles are a common yard pest. They prefer open 
areas and often damage lawns, golf courses, and 
Cultivated areas. The mole (upper left) is consum- 
ing a favorite prey—an earthworm —that it probably 
found while digging extensive tunnels (left). 


true that the hedgehogs now have a coat of 
bristling spines and that the moles have 
gone underground to live, but their skeletal 
structure, teeth, and small brain show typi- 
-ally primitive characteristics. Perhaps the 
ws have changed least of all. They are 
unspecialized, mouselike creatures. 
tree shrews, which have a larger brain 
than their relatives, were generally consid- 
ered to represent a link between the insecti- 
vores and the primates, which include the 
lemurs, the monkeys, apes, and man. The 
tree shrews, also known as tupaias, are now 
included in the order of primates. 


CLASSIFICATION 


It has been extremely difficult for zool- 
ogists to classify the insectivores. The tax- 
onomist, or one who classifies living things 
according to their natural order, looks for 
rity of anatomical features when he 
tries to fit animals into a logical classifica- 
tion. When the taxonomist deals with the 
insectivores, he finds that some types have 
retained many ancient, specialized features, 
while others have been profoundly modi- 
fied through the ages. 

According to the modern classifica- 
tion, the eight surviving families, arranged 
according to increasing specialization, are 
the Solenodontidae (including the soleno- 
don of the West Indies); the Tenrecidae 
(great tenrec, aquatic tenrec, rice tenrec, 
otter shrew); Chrysochloridae (golden mole 
of South Africa); the Erinaceidae (hedge- 
hog, moonrat, gymnura); the Macroscelidi- 
dae (elephant shrew); the Soricidae 
(common shrew, pygmy shrew, short-tailed 
shrew, or ‘tmole’’? shrew, muck shrew, 
web-footed shrew); the Talpidae (desman, 
“shrew”? mole, eared shrew mole, star- 
nosed mole, all the American moles); and 
the Tupaiidae (tree shrews). 

The ancestor of the insectivores is be- 
lieved to have been a hedgehog type. Its 
teeth and bones have been found in fossil 
deposits that date back to the Upper Creta- 
ceous period, some 60 million years ago. 
Considering the fact that they survived for 
such a long period of time, the insectivores 
must have been astonishingly successful in 
adapting themselves to changes in climate 


and to the predacious, or hunting, habits of 
carnivorous animals, their greatest ene- 
mies. 

This phenomenon of adaptation is 
very important for the modern theory of 
evolution. An adaptation may be defined as 
a characteristic that is advantageous to an 
animal in the particular surroundings in 
which it lives. Sight is a distinct advantage 
for all animals living on the earth or in the 
air. Genetic factors can cause hereditary 
poor sight in animals. The blind animal 
would have to develop other senses such as 
smell and touch to survive. In an under- 
ground environment, it would even have the 
advantage over a sighted animal, which 
needs vision to orient itself. It is therefore 
not surprising that the insectivore known as 
the mole, an animal with small, weak eyes 
but keen sense of touch, has survived. Re- 
gardless of its shortcomings in vision, it has 
evaded its enemies and found food. 


TRUE MOLES 


In adapting to their environment, 
moles chose to lead lives of underground bur- 
rowers. The form of the mole body shows 
adjustments made for this mode of liv- 
ing. The mole’s head is conical in shape. 
There is no distinct neck, and the body 
is in the form of a compact cylinder. The 
eyes are minute with the power to dis- 
criminate only between light and darkness. 
Some moles even have the eyes covered 
with a thin layer of skin. External ears are 
lacking. The soft, thick fur is like velvet, 
lying smoothly in whatever way it is 
pressed, keeping friction at a minimum as 
the mole burrows through the soil. The 
powerful front feet are its digging tools. 
These feet are very broad and are equipped 
with stout, strong claws. The front legs of 
some species are set so that the soles of the 
feet face outward. The feet, fleshy nose, 
and hairy or naked tail are sensitive organs 
of touch. The mole’s sense of smell is keen- 
er than its vision. The sense of touch is best 
developed and is used to locate prey. 

Moles inhabit much of the world’s 
north temperate region but are absent in 
the Southern Hemisphere. North America 
has several species. The eastern mole is a 
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moderate-sized animal, about 15 centime- 
ters long, with a short, naked tail. It com- 
monly occurs in low meadows, gardens, 
and lawns in the eastern half of the United 
States. The Pacific mole and related species 
live along the Pacific ocean coast from Baja 
California to northern Washington. They 
are similar to the eastern mole but are larg- 
er and have a slightly hairy tail. The hairy- 
tailed mole is a small animal, whose tail is 
decidedly hairy. It is confined to the north- 
eastern states and southeastern Canada. 
A unique North American mole is the 
Star-nosed mole, which has a disk of 
short, fleshy tentacles at the end of its nose. 
It lives in the eastern states and southeast- 
ern Canada. The common European mole 
represents the mole family in the Old 
World. Its habitat ranges from Great 
Britain and France to Japan. 


THEY DIG TUNNELS 


Moles require a fairly moist, loamy 
Soil which is easily worked. Their burrows 
must be humid, since these creatures can- 
not live long in a dry atmosphere. They 
prefer open terrain, such as lawns, low 
meadows, and gently sloping hillsides. The 
star-nosed mole, however, chooses the 
damp soil and grassy swamps near streams 
or lakes, while the hairy-tailed mole likes 
upland wooded areas. 

Moles excavate two types of tunnels. 
There are temporary channels that lie close 
to the surface, forcing the soil into ridges. 
There are permanent galleries that run 
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with a 
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ate-sized animal 
naked tail. It is « 
resident in lawns 
dens in the eastern 
the United States 
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through the soil about one-third of a meter 
or so below the ground. In the tunnels near 
the surface, the moles hunt for food. The 
mole literally swims through the soil at an 
amazing speed. The soil is not removed but 
merely pressed aside by the mole’s body as 
it forces its way through. 

The deeper galleries are more cai efully 
constructed and serve as passageways to 
the hunting ground and to the mole’s nest- 
ing chamber. Using first one front foot and 
then the other, the mole loosens a bit of soil 
and passes it back along the side of the 
body, kicking it to the rear with its hind 
feet. When a quantity of loosened soil has 
accumulated, the mole then pushes it along 
the tunnel to an outlet at the surface. This 
makes the characteristic molehill. The little 
insectivore is careful to keep the outlet 
plugged with dirt when it is not in use. 

The mole has a keen sense of direction. 
A mole digs at about the same level below 
the surface whether the ground forms a 
Tidge or a hollow. The eastern mole digs 
tunnels at the rate of about 3¥%2 meters per 
hour. During a mole’s lifetime, an extensive 
network of these tunnels is excavated. 
Some tunnels may be used in common by 
dozens of moles living in the same area. 


UNDERGROUND NESTS 


The mole’s nesting chamber, or for- 
tress, is excavated about One-third of a 
meter below the surface, under a good- 
sized mound. If the animal lives close to 
water, the chamber is located above the 


water level. Several galleries lead from the 
upper part of the chamber and form a net- 
work of channels around it. It is believed 
that these may aid in giving proper aeration 
to the chamber. At the base of the fortress 
another gallery is excavated. This serves to 
drain the nesting site of any excess mois- 
ture and gives the mole an emergency exit 
in case of danger. The nest itself is com- 
posed of leaves and grass. During the 
breeding season, female moles construct a 
similar but smaller nesting chamber in 
which to have their young. Moles are usu- 
ally solitary creatures. They defend their 
fortress and its approaches and their hunt- 
ing territory against intruders. 

Mating occurs during the early spring 
and occasionally in the fall. The female car- 
ries the young in her womb from four to six 
weeks, depending upon the species. From 
two to six offspring are produced. The 
young develop quickly and are ready to 
take care of themselves when but six or 
eight weeks old. The eastern mole may live 
about three years, barring accidents. 


ACTIVE LIVES 


Since moles are extremely active 
creatures, they require a great deal of food 
to keep themselves alive. It has been esti- 
mated that a mole will eat its weight in food 
every day. Earthworms, beetle larvae, cut- 
worms, adult beetles, and snails form the 
principal food. Apparently, when there is 
an abundance of earthworms, moles store 
them to be eaten later. The mole bites the 
worm at the front end. This immobilizes the 
prey but does not kill it. 

Moles spend the greater part of their 
lives underground. Occasionally they come 
to the surface in order to hunt for prey, to 
find water, and to obtain grass and leaves 
for the nest. They can swim, sometimes 
crossing small rivers. The star-nosed mole 
is an accomplished swimmer and diver. It 
has even been observed swimming under 
ice during the winter. 


WATER MOLES AND SHREW MOLES 
The active swimmers known as water 


moles, or desmans, which live in Spain, 
northern Europe, and the Soviet Union, are 


related to the true moles. These animals 
have webbed hind feet, a vertically flattened 
tail, and long, oily guard hairs that protect 
the skin and thick fur from water. The elon- 
gated, tubular snout forms a proboscis. 
Desmans construct their nesting chambers 
in river banks. They prey on small aquatic 
animals of all kinds, including fish. 

The tiny shrew mole is another insecti- 
vore related to the moles. It has features of 
both the shrews and the moles. For in- 
stance, its face is long like that of a shrew, 
but its naked muzzle is molelike. Its moder- 
ately broad, stoutly clawed front feet are 
larger than those of a shrew but not so well 
developed as those of a mole. Shrew moles 
live in the humid coastal areas of the north- 
western United States. A similar species, 
the eared shrew mole, occurs in Japan. 
These insectivores live partly underground, 
partly on the surface. 


HEDGEHOGS 


Hedgehogs and their kin comprise a 
family living entirely in the Old World. The 
common hedgehog has a small rounded 
body, short legs and tail, and a sharply ta- 
pering muzzle. Its back and sides are 
covered with hairs modified into sharp but 
unbarbed spines, or quills. Coarse hairs 
cover the legs, under parts, and face. It in- 
habits Europe and Asia from Great Britain 
to Korea. Closely related species live in 
northern and eastern Africa. Southern Asia 
is the home of two rather curious relatives 
of the hedgehog, the moonrat and the gym- 
nura. These are longer-bodied animals with 
long, pointed muzzles and moderately long 
tails. They lack spines. 

When approached by a predator, the 
hedgehog rolls into a ball, tucking its head 
and feet into the center. The erect spines 
form a formidable defense against attack. 
This is not a completely efficient defense, 
however, for weasels, owls, vultures, and 
foxes sometimes made a meal of the hedge- 
hog. The moonrat has an odor peculiarly 
like that of onions. This may be offensive to 
certain predators. 

The hedgehog is, for the most part, 
nocturnal, spending the day in any place 
that affords warmth and dryness, such as a 
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Hedgehogs are found only in Europe, Asia, and Af- 
rica. When faced with danger, a hedgehog rolls into 
a ball. The quills on its back and spine provide a 
fine defense. 


hollow log, a burrow in an embankment, or 
a den among rocks. It feeds on insects, 
worms, slugs, birds’ eggs, frogs, and snakes. 
In hunting prey, the hedgehog will some- 
times take to water, swimming fairly well. 
It will cross small rivers when pursued. 
During the winter, it hibernates in a snug 
retreat. At this time its body tempera- 
ture may fall to 10° Celsius. 

Usually hedgehogs breed twice a year. 
The gestation period lasts from five to sev- 
en weeks, and the number of offspring, 
which are covered with soft, white spines, 
averages from four to six. A nest of leaves 
in the shelter of a tree’s roots or some hid- 
den burrow serves as a nursery. Here the 
young remain until a month old. Then they 
follow the mother in her wanderings. 

The gymnura, or rat shrew, is the clos- 
est living relative of the hedgehog. Rat 
shrew describes the external character- 
istics of this animal, but its teeth and its 
internal structure show that it is closely al- 
lied to the hedgehog. The gymnura is found 
in Burma, the Malay Archipelago, the Phil- 
ippines, and parts of China. There are sev- 
eral species, some as big as good-sized rats, 
others as small as mice. All are purely in- 
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sectivorous. The discovery of fossii re- 
mains of an extinct genus of gymnura in 
France has been cited as evidence of the 
similarity between the fauna of Europe in 
prehistoric times and that of the present- 
day Malay Archipelago. 
SHREWS 
The most numerous and widely distrib- 


uted of all the insectivores are the shre 
The common shrew, or shrew mou: 
found in Europe, Asia, and North Am: 
is about the size of a mouse and somewhat 
resembles that animal, particularly in the 
shape of its body, feet, and tail. But it is dis- 
tinguished from the mouse by its muzzle, 
which projects far beyond the lip. The 
common shrew feeds upon insects and their 
larvae and inhabits dry places, making ; 
nest of various kinds of leaves and grass: 
The young, numbering from five to seve 
are born in the spring. Common shrews 
very voracious, sometimes killing and de 
vouring one another. 

The pygmy shrew is even smaller than 
the common shrew. Rarely more than sev- 
en or eight centimeters in length, this tiny 
animal is the smallest mammal of the North 
American continent. 

The short-tailed, or mole, shrew is the 
best-known species in the eastern United 
States. It is about 10 centimeters long, with 
a hairy tail measuring two and one-half cen- 
timeters. It remains quite active in the win- 
ter and is sometimes found burrowing 
in the snow. At this season of the year 
it feeds largely on beechnuts as well as in- 
sect pupae and larvae. At least one genus 
of short-tailed shrews produces a venom 
in its submaxillary glands. The venom is 
probably used for killing mice, but it is 
powerful enough to produce toxic symp- 
toms in humans. Some other shrews may 
also produce venom. 

The jumping shrews are also called 
elephant shrews because of the trunklike 
extension of the snout. They are ground 
animals and move by leaps, after the fash- 
ion of the kangaroo. The jumping shrews 
are entirely restricted to Africa. There are 
Many species of these interesting animals. 
Some haunt the thick undergrowth, while 


s dwell in stony wastes where clefts 
crannies in the rocks offer a secure 
during the day. 
ina has an aquatic shrew that is 
T highly specialized than any of its rela- 
ves—the web-footed shrew. The soles of 
set are provided with disklike pads. 
e pads enable the animal to grip se- 
y the surface of smooth stones and 
k as it seeks its food in a riverbed. 

Fhe musk shrew of India and Africa is 
remarkable for the strong, musky odor that 


emanates from glands situated on the sides 
of the body. Though it leaves an offensive 
musky trail, it is generally tolerated in the 
houses it enters, because it eats insects. 


Top the common, or 
sked shrew, is found in 
e, Asia, and North 
America. Bottom: the ele- 
phant shrew, or jumping 
shrew, lives in Africa, Note 
the trunklike extension of 
the muzzle. 


TENRECS AND SOLENODONS 


Among the most fascinating of the in- 
sect-eaters are the tenrecs and the soleno- 
dons, which are closely related. The former 
are natives of the island of Madagascar. 
The latter are found in the West Indies. 
The existence of these closely allied ani- 
mals in such widely separated areas points 
to ancient land connections that have van- 
ished under the seas. 

The great tenrec is the most fearsome 
beast of the tenrec group. Tailless, it attains 
a length of about 40 centimeters and con- 
siderable girth. It possesses formidable 
teeth and can inflict a serious bite. Its diet 
Leonard Lee Rue Ili, Audubon/PR 
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The solenodon is an inhabitant of Haiti. 


consists almost exclusively of earthworms. 
It hunts this prey only during the night. To 
defend itself against its enemies, the tenrec 
has developed a formidable coat of armor, 
consisting of bristles and spines. This ani- 
mal hibernates like the European hedge- 
hog, and it lives in burrows, which it exca- 
vates by means of its strong claws. Unlike 
the hedgehog, however, the great tenrec 
does not roll itself up into a ball-like form 
for defense. 

One species of tenrec has become 
aquatic. Another, the rice tenrec, carries its 
search for insects beneath rice roots to such 
lengths as to become a serious pest—more 
so than the insect pests upon which it feeds. 
Tenrecs rank among the most prolific of all 
mammals: as many as 21 offspring at one 


birth have been recorded. The flesh of 
these animals, especially before they 
hibernate, is valuable to the natives of 
Madagascar. 

The solenodons, found only in Haiti 
and Cuba, have long snouts ard tails and 
large ears. The body of the solenodon is 
hairy. By way of contrast, the tail is naked. 

The otter shrew of West Africa finds a 
place among the insectivores because of 
the insectivorous characteristic of its teeth, 
The muzzle is broad—not pointed, after the 
fashion of other insectivores. This expert 
swimmer’s habits—particularly its skill in 
catching fish—suggests the otter rather than 
the shrew. 


TREE SHREWS 


Once called the most primitive living 
primate, the tree shrew (family Tupaiidae) 
is now classified with the insectivores. The 
tree shrew, however, does have greater 
brain development than other insectivores, 
and its toes and thumbs are mobile enough 
to function as grasping organs. Tree shrews 
look like squirrels but have more pointed 
muzzles. Their fingers and toes are clawed. 
They live in trees, feeding on insects, 
fruits, leaves, and birds’ eggs. Tree shrews 
are native to India and Southeast Asia. 


The shrew family has sev- 
eral highly specialized 
aquatic members. This 
aquatic shrew searches for 
food along the riverbed. 


HARES, RABBITS, AND PIKAS 


Did you know that a jack rabbit really 
isn’t a rabbit at all? It is a hare. All those 
different kinds of pet shop bunnies—did 
you know that most of them are derived 
from a single type of European rabbit? And 
pikas—you may not have ever heard of 
them, and yet they are closely related to 
rabbits. 


AN ORDER UNTO THEMSELVES 


Rabbits, hares, and pikas make up the 
order Lagomorphia, or “rabbit-bodied ani- 
me These animals were once classified 
as rodents, and they are like rodents in hav- 
ing incisors, or gnawing teeth, that grow 
throughout their lifetime. But there are 
important differences between rodents and 
lagomorphs, and lagomorphs are now be- 
lieved to be more closely related to the 
ungulates, or hoofed animals, than they are 
to rodents. 


HARES AND RABBITS 


Rabbits and hares make up the family 
Leporidae. 

The hares and rabbits look very much 
alike but differ in some important respects. 
The young of the rabbit are born, blind and 
hairless, in underground burrows. The hare 
is born above ground in an open nest and 
has hair and vision from birth. The true 
hare averages something like 60 centime- 
ters in length. The ears are about 20 centi- 
meters long. The tail appears quite short, 
but this is partly because much of it is hid- 
den in the fluffy fur of the belly. The true 
rabbit is somewhat smaller than the true 
hare. It averages 45 centimeters in length 
and from one to three kilograms in weight. 

Both rabbits and hares have conspicu- 
ously long, powerful hind legs. Their hop- 
ping gait leaves a very distinctive track. In 
front are the two large prints, side by side, 
made by the hind paws. Slightly to the rear, 
one behind the other, are the smaller prints 
of the front legs, which are used more for 
self-defense and balance than for propul- 
sion. For short distances, the powerful hind 


legs of the rabbit enable it to travel at 
speeds up to 70 kilometers per hour. 
Rabbits and hares are pure herbivores 
in the wild. During the summer, hares and 
rabbits graze on grass, clover, and plants 


The snowshoe rabbit, or varying hare, changes its 
coloration with the seasons. In summer the hare 
has a dark pelt (top) that helps it blend with the 
brush and rocks. In winter (bottom) the hare’s white 
coat blends with the snow. 
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such as dandelions. During the winter they 
browse on bark, twigs, dry brush, and 
seeds. They also have an unusual digestive 
feature that helps them retain nutrients. 
These animals excrete semi-digested food, 
together with regular fecal material. The 
semi-digested food, called stomach pellets, 
is then re-eaten. It undergoes a second 
digestion, and valuable vitamins are re- 
trieved from it. 

Rabbits and hares are well-known for 
their reproductive capabilities. Female 
rabbits and hares ovulate just after copula- 
tion. This Practically ensures fertilization. 
In hares, there is a second unusual feature 
of the reproductive system: the female can 
carry two separate sets of offspring, each in 


Top: the black-tailed, or California, jack rabbit is 
really a hare. It is undesirable in some agricultural 
areas. Bottom: the New Zealand white domestic 
rabbit is derived from Old World rabbit stock, 
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its own stage of development. This is possi- 
ble because hares have a two-horne uterus, 
and fertilization in one horn does not pre- 


vent ovulation and fertilization from occur- 
ring with subsequent offspring development 
in the other horn. This phenomenon is 
called superfetation. It is rare, but it does 
occur often enough. 

The Old World rabbit. The true rabbit 
is native to Europe. It is now found vild in 
Australia, although it was complet un- 
known there until it was introduced by 
Europeans. Having no long-standing natu- 


ral enemies, the rabbit prospered in that 
huge island-continent. It did suct mage 
to crops that foxes were introduced to con- 
trol it. Although they did reduce the num- 
ber of rabbits, the foxes themselves soon 
became a major pest. 

The common domestic breeds of rab- 


bits are derived from the Old World bbit. 
When crossed with the wild-type, the off- 
spring show a broad range of characteristics, 

True hares. True hares inhabit North 
America, Africa, Europe, and Asia. The 
European hare is probably the most well- 
known of the true hares. Because of its 


popularity as a game animal, it has been 
introduced in areas outside continental 
Europe. Hares do not usually migrate, but 
under unusual conditions — mainly, a scar- 
city of food—they will migrate in large 
groups. 

The animals commonly called rabbits 
in North America are really hares. 

Jack rabbits abound in the western part 
of North America. They are generally 
about 60 centimeters long and have promi- 
nent ears. They are a serious pest in many 
areas. The black-tailed, or California, jack 
rabbit is responsible for more crop damage 
than any other hare in North America. 

Among the other large hares of the 
Western Hemisphere are the snowshoe 
rabbit and the arctic hare. The snowshoe 
rabbit, or varying hare, as it is also called, 
wears a brown coat during the summer. 
This changes to white during the winter 
months. The name “snowshoe” is derived 
from the fact that a heavy coat of hair de- 
velops on the foot during the winter months 
and forms a sort of snowshoe. The arctic 
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The cottontail shows features of both hares and rabbits. It closely resembles the 
true rabbit, but its young are born in nests, as are the hare's. 


hare. largest of all hares, lives farther north 
and keeps its white fur all year round. 

ottontails. The cottontail occurs in 
great numbers in North America. It has 
both harelike and rabbitlike characteristics. 
It looks very much like a true rabbit. Its 
young, like those of the rabbit, are hairless 
and blind at birth. However, they are not 
born underground but in nests, as are the 
hares. Cottontails thrive in brush and along 
the fringes of various cultivated areas. 


PIKAS 


The pika (family Ochotonidae) looks 
very much like the rabbit or hare, except 
that its ears are shorter and it is tailless. 
It is very much smaller, too, averaging 
about 15 centimeters in length when fully 
grown. Unlike other lagomorphs, it lives 
high up in the mountains, where it makes 
its den in rocky crevices. 

Although its shrill, bleating call is fre- 
quently heard in elevated regions, the ani- 
mal itself is hard to find. Its coloration 
makes it blend into the background. When 
it moves, the motion is so quick that it sim- 
ply disappears from one spot and then ap- 
pears motionless at another (or so it 1s 
claimed by naturalists who have observed 
it). Since spring in the mountains comes 
late, the first litters are not born until May. 


Other litters continue to arrive until the 
month of September. In North America, 
the pika is found from the Rocky Moutains 
westward. In Europe and Asia, it is widely 
distributed east of the Ural mountains. 


The tiny pika is a relative of rabbits and hares. 
Leonard Lee Rue, Audubon/PR 
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Rodents can Occupy a num- 
ber of habitats. Right: a fly- 
ing squirrel that can glide 
from branch to branch. Far 
right: a ground squirrel that 
usually lives in a burrow, 


RODENTS 


The rodents, or gnawing mammals, are 
the most abundant of all mammals in num- 
ber of species and number of individuals. 
The land areas of the globe teem with these 
comparatively small-sized creatures. For 
the most part they are ground dwellers. 
Many live in colonies, constructing a vast 
system of underground chambers and gal- 
leries. There are, however, tree-living rats 
and mice, squirrels, and porcupines. Bea- 
vers and water rats are partially aquatic. All 
the rodents are herbivorous, or vegetation- 
eating animals, though some rats some- 
times eat flesh. 

One of the most curious things about 
the rodents is the regular fluctuation in the 
number of individuals of various species. 
For a period of several years there will be a 
noticeable scarcity of rats, mice, and other 
rodents. Then, during a single season, the 
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populations of these animals will increase 
tremendously. This cycle of decrease and 
increase is due to various factors: the 
abundance or scarcity of predators; the 
reproduction rate of the plants upon which 
the rodents feed: the competition with 
other vegetation-eating species; disease: 
the amount of solar radiation reaching the 
earth. Obviously, when the number of ro- 
dents increases, there is increased destruc- 
tion of natural and cultivated vegetation. 
The rodents have had a long evolution- 
ary history, Judging by fossil evidence, they 
were already flourishing something like 
50,000,000 years ago. Apparently they 
descended from an insectivorous, or insect- 
eating, mammal resembling the modern-day 
shrew. The rodents did not include any 
giant species among their numbers. The 
largest rodent known was a beaver that 
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lived in North America about 1,000,000 
years ago; it was nearly as large as a black 
bear. Today the largest member of the 
group is the South American capybara, 
which is the size of a small pig. 


DISTINCTIVE INCISOR TEETH 


Typical rodents have a pair of large, 
chisellike front teeth, or incisors, in the 
upper and lower jaws. The bases of these 
teeth curve far back in the jaw bones. The 
molars, or cheek teeth, are often high- 
crowned. Since the canine teeth and some 
premolars are absent, there is a large gap 
between the incisors and the molars. Con- 
sequently the incisors can operate freely 
and food can be easily transferred from the 
front of the mouth to the grinding teeth. 
The strong muscles that control the lower 
Jaw are adapted for moving it backward, 
forward, and crosswise, thus making a thor- 
ough grinding action possible. ` : 

The incisor teeth of the gnawing ani- 
mals are a distinguishing feature. These 


teeth are the animals’ most precious pos- 
session, for without them no rodent could 
survive. The teeth are self-sharpening. This 
is accomplished by a very ingenious ar- 
rangement. The outer surface is made up of 
a very hard enamel. The inner surface is 
composed of a softer bone material which 
wears away at a much faster rate. The dif- 
ference in rate of wear causes the tooth to 
be always sharp. The same principle is used 
in the ax and chisel. 

The rodent incisor is in constant use, 
and we might expect that it would be worn 
away to a tiny stump in a relatively short 
time. The fact is, however, that the tooth is 
constantly growing from a permanently ac- 
tive pulp. In some species, this is also true 
of the molars. 

Another interesting adaptation in the 
rodent’s mouth is the method of filtering out 
unwanted food such as foreign substances 
and chunks of food that are too large and 
would choke the rodent. As we have al- 
ready mentioned, the typical rodent has a 
gap in its teeth between its incisors and its 
molars. The cheek fur extends inside the 
mouth and fills up this gap in the teeth. The 
hair serves as a screen or filter for the food. 


MANY DIFFERENT KINDS 


There are a great many rodents. Rats 
and mice make up the largest group in the 
order. The squirrels, including chipmunks, 


The Eastern chipmunk is a ground squirrel. It is 
common in developed areas, as well as in the wild. 
New York Zoological Society 
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prairie dogs, marmots, and other species, 
also make up a very large group. Among 
the other numerous rodents are hamsters, 
voles, lemmings, meadow mice, muskrats, 
gerbils, bandicoot rats, jerboas, dormice, 
jumping mice, agoutis, pacas, and capybar- 
as. We can only discuss some of the more 
interesting rodents in this article. 


SQUIRRELS 


The squirrel family comprises one of 
the largest groups of rodents. In addition to 
the various species of tree squirrels, it also 
includes the ground squirrels, such as 
the woodchuck, marmot, chipmunk, and 
prairie dog. 

Tree squirrels. Tree squirrels all have a 
long, bushy tail and a habit of hoarding 
quantities of seeds and nuts. 

The European pine squirrel is the main 
species found in Europe and northern Asia. 
It is usually red in color and has long tufts 
on the tips of its erect ears. The male is 
about 20 centimeters long. The European 
pine squirrel changes its coat with the sea- 
sons. It has a grayish-brown coat in the 
cold months instead of a red one. 

A close relative of the European spe- 
cies is the North American red squirrel. It 
is found particularly in the eastern half of 
the United States and Canada. The eastern 
gray squirrel is rather more familiar be- 
Cause it is seen frequently in yards and 
parks. It is like the red squirrel except for 
the color of its coat and its slightly larger 
size, The western gray squirrel is larger 
than its eastern cousin, has a handsomer 
tail, and has longer and finer fur. In the 
southeastern United States we find the fox 
squirrel, the largest in that area. It owes its 
name to its fox-colored coat and sharp, 
foxlike face. 

Central America and Mexico have a 
large number of especially gay-colored va- 
rieties of squirrels. Two well-known spe- 
cies are the variegated squirrels and the 
Humboldt’s squirrels. In South America, 
one finds the flame squirrels, the common 
pygmy squirrels, and the midget squirrels. 

Asia has some of the most interesting 
of squirrel species. The common Squirrel is 
most widely represented; 320 different 
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ones have already been named. One also 
finds in Asia the largest squirrel of them all, 
the Oriental giant squirrel, which attains a 
length of nearly one meter. 

Africa, too, has its share of squirrels. 
The oil palm squirrel is the largest, growing 
to over one third of a meter in length. At the 
other extreme, there is the West African 
pygmy squirrel, which has a head and body 
length of about eight centimeters. 

Ground squirrels. There are several 
kinds of ground squirrels. Marmots are 
ground squirrels. They are too heavy- 
bodied and clumsy to climb trees. Instead, 
they make their homes in burrows in the 
ground. The American species of marmots 
are called woodchucks or groundhogs. 
These are hibernating mammals, reaching 
a maximum weight of six kilograms. The 
hoary marmot, so named for the color of 
its coat, is a native of the high mountains, 
Related to it is the European or Alpine 
marmot, found in Europe and eastern Asia. 
There are also Chinese and Kashmirian 
varieties of marmots. 

The prairie dog is one of the most in- 
teresting ground squirrels. It was once one 
of the most abundant species inhabiting 
the great plains of North America. Before 
so many of them were poisoned by U.S. 
cattlemen, they could be found in giant 
underground prairie-dog towns which often 
extended for many kilometers. 

Among chipmunks the eastern chip- 
munk of North America is easily recog- 
nized by the characteristic five stripes 
running down its back. This tiny rodent is 
often Surprisingly tame. There is also a 
somewhat different western variety. It is 
more slender and has a longer tail and 
more stripes. 

The pocket gopher is a well-known 
burrowing rodent. It constructs long tun- 
nels during its lifetime. The name “gopher” 
is derived from the French word gaufre, 
meaning “honeycomb.” The reference is 
to the maze of the animal’s tunnels. The 

Pocket” part of the gopher’s name re- 
fers to its cheek pouches, which extend 
from its cheek back to the shoulders and 
are used to carry quantities of food. 

Flying squirrels. Certain rodents are 


Beavers have very sharp in- 

which are used to 
through tree trunks. 
ver is the largest 
rodent in the Northern Hemi- 
sphere 


gliding experts. The flying squirrels repre- 
seni a familiar species of this type. They are 
able to glide because of a special adapta- 
tion ~ a loose membrane or fold of skin ex- 
tending between the hind and front limbs. 
When the animal stretches out its limbs, 


the »mbrane is pulled tight, thus produc- 
ing « wide gliding surface. The scaly-tailed 
squirrels of Africa are also able to glide. 


BEAVERS 


Some rodents take to the water. The 
best-known of these is the beaver, the larg- 
est rodent in the Northern Hemisphere. It 
attains a length of over one meter, including 
tail, and it averages something like 15 
xams in weight. With its webbed hind 
feet and its broad and flat tail, it is as much 
at home in the water as on land. Its thick, 
soft fur is much esteemed by furriers. 

Beavers live in colonies in shallow 
Streams. Each family consists of two parent 
beavers and their young up to the age of 
about two. Two-year olds leave’ their fami- 
lies in the spring in order to mate and to 
form their own families. 

The beaver is an accomplished engi- 
neer and is particularly renowned for its 
dam-building. A beaver pair engaged in new 
dam construction will begin by felling trees 
near the proposed dam site. The two will 
work together at the task, gnawing through 
each tree close to the roots. Once the tree is 
down, the limbs are removed and the trunk 
is cut into lengths that the beaver can han- 
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dle. The branches and logs are then hauled 
to the damsite. They are put into position in 
the water and held in place with rocks and 
mud. When the dam has been raised to the 
desired height, it is plastered with mud. 

Next, the beaver constructs its lodge 
on the dam itself, or on a bank of a stream 
or on an island. The structure is of wood 
and twigs, heavily plastered with mud. 
When these materials freeze in the winter, 
they cause the lodge to become an almost 
impenetrable fortress. The chamber of the 
lodge has a stout arched roof. It is lined 
with twigs, vegetable fibers, and mud. There 
is a straight tunnel running down into the 
water. Through it the beaver brings up sup- 
plies that have been stored on the bed of the 
stream. Various other tunnels lead from the 
chamber into the water. 

The nucleus of a beaver colony is the 
original pair of permanently mated adults. 
When the young grow up, they usually set- 
tle at the damsite, building another lodge 
and cooperating in the task of keeping the 
dam in repair. 

In the colder months of the year, bea- 
vers feed on the supplies amassed on the 
stream bed. These consist of logs that have 
been cut to manageable lengths. The logs 
are taken into the chamber one at a time. 
The animals devour the bark and then 
throw out the rest. In the warmer months, 
the beavers feed on the roots and stems of 
plants growing in the water. They also go 
ashore and feast on the bark of trees. 


RODENTS 


39 


40 


ee 


» VW) $ a 
k NS 


PORCUPINES 


One of the most curious rodents is the 
porcupine. This normally unaggressive 
creature rarely meets a violent death, be- 
cause of its almost impenetrable defenses. 
The porcupines’s quills are both a defense 
mechanism and a deadly offensive weapon. 
When threatened, the porcupine immedi- 
ately raises them and turns its back to the 
foe. Some species will rattle their quills in 
warning just like a rattlesnake. If the warn- 
ing is not heeded, the animal charges back- 
ward, forcing its quills into the threatening 
animal. Contrary to widespread belief, the 
porcupine cannot shoot its quills, Quills are 
not simply annoying. They can kill. There is 
a case on record of the finding of a dead 
panther whose head had been run through 
by seventeen quills. Two of them had pene- 
trated the brain. Once a quill enters an ani- 
mal’s body, its end opens up into several 
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The Norway rat is the most 


common rat in temperate 
regions. This rodent was 
imported to North America 
in the eighteenth century. 
Philip Gendreau 
small barbs which prevent the quill from 


being removed. It will actually work its way 
deeper into the victim. There are a number 
of species of porcupines on all the conti- 
nents except Australia. The largest is the 
African crested porcupine, which measures 
nearly a meter in length. 


RATS AND MICE 


The Muridae, or mouselike family, 
Constitutes the largest group in the rodent 
order. It is in this family that we find the 
multitudes of rats and mice. 

The true rat alone has over 550 sub- 
species. 

The rats are the most widespread 
members of the order of rodents. They are 
found almost everywhere that man himself 
dwells. The fight against them has been a 
continuous one and, so far, a losing one. In 
North America, despite all of man’s efforts 
to destroy them, there are more rats than 


people. The rat found in most temperate 
regions is the Norway rat. It first came to 
North America, probably about 1775, by 
ship. The Norway rat ranges from 10 to 30 
centimeters in length and its scaly tail is 
even longer. Its color varies from gray to 
grayish-brown and it breeds as often as 
twelve times a year. 

In South America and southern Eu- 
rope, a black, slightly smaller variety is 
more common. Both species are believed to 
have originated in China and spread west. 

The rat has managed to thrive, despite 
man’s utmost efforts to destroy it, because 
it is fertile, hardy, voracious, adaptable, 
cunning, and courageous. 

In addition, there are the rice rats, cot- 
ton rats, roof rats, water rats, tree rats, and 
so on ad infinitum. 

There are also innumerable kinds of 
mice. There are more than 130 subspecies 
of the common mouse. There are also field 
mice, pygmy mice, harvest mice, and white- 
footed mice, to name only a few. 


HAMSTERS 


Hamsters are natives of Europe and 
Asia. The animals that are now being bred 
in North America as pets were imported 
from there. The name comes from the High 
German word for “weevil.” Like weevils, 
hamsters are burrowers. They venture from 
their underground homes only at night. 
They subsist mainly on grain and tubers. 
The European hamster is somewhat larger 
than the golden hamster that is so well- 
known in the Western Hemisphere. 


GERBILS 


The gerbils live in the hot, arid desert 
regions of Asia, Africa, and the southern 
Soviet Union, often many kilometers from 
water. Communities of these animals make 
their homes in underground tunnels and 
burrows. Ratlike in many ways, they differ 
from most rats in having rather large ears 
and in leaping instead of scurrying along. 
The gerbils resemble the jerboas closely. It 
has, in fact, been suggested that “gerbil” is 
just another form of the name ‘“‘jerboa.” 

Jerboas are nocturnal in habit. They 
are buff-colored little rodents with rabbit- 


like ears and kangaroolike locomotion. 
They have been credited with attaining 
speeds of up to 65 kilometers per hour. 


DORMICE 


The dormouse is an Old World spe- 
cies. The name, coming from the French 
dormir (“to sleep”), is very appropriate. 
The dormouse is one of the hibernating 
mammals, sometimes sleeping for six 
months at a time. During the months that it 
is active, it sleeps throughout the day and 
ventures forth at night. Thus, the animal 
may spend as much as three-quarters of 
its six-year life in slumber. The dormouse 
closely resembles the squirrel. It has a long, 
bushy tail, soft, silky fur, and large, round 
eyes. It also resembles the squirrel in its 
habit of spending a good deal of time in 
the trees. Like the squirrel, it feeds on 
nuts, acorns, and seeds. 


MUSKRATS 


The muskrat is trapped in North 
America for its fur. It is the most valuable 
fur-bearing animal in North America if one 
considers the total number of skins that 
have been sold. However, the animal is so 
prolific that there is no danger of the spe- 
cies being wiped out. It gets its name froma 
secretion of its hind quarters. This secre- 
tion gives off the odor of musk and is used 
in the manufacture of perfume. The musk- 
rat is usually found in the marshy regions 
of North America. 


LEMMINGS 


One of the most curious patterns of 
behavior to be seen in the rodent family is 
the famous death march of the Scandinavi- 
an lemmings. The lemming is a small, 
heavy-bodied rodent, usually about 15 cen- 
timeters in length and covered with soft, 
golden fur. The Scandinavian variety has 
patches of glossy, black fur behind the 
shoulders. 

A colony of lemmings is formed on a 
mountain slope, where it soon grows to con- 
siderable proportions, depending upon the 
severity of the weather and length of the 
warm season. If spring comes early and 
there is a long warm season, the colony 
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Ewing Galloway 
The chinchilla is native to South America. It is now 
raised in North America for the fur industry. 


grows rapidly. Because of the longer sea- 
son, there is more vegetation to feed the 
increased number in the colony, but a long 
summer also tends to scorch the vegetation 
because of the excess heat. This’ reduces 
the normal supply of food —a serious condi- 
tion because of the greater number of lem- 
mings. Suddenly, as if a signal had just been 
given, the rodents start migrating toward 
the sea. The instinct seems to affect all the 
lemmings in the colony. It is unknown 
whether or not some of them remain behind 
to start up the colony again, but if they do, 
they have not been observed, although the 
lemmings appear again after a few years. 
Like a huge army, the host of lemmings 
begins its march. Many will perish before 
they even catch sight of their destination. 
As they move along, all the food encoun- 
tered by the long column is eaten by those 
in the front ranks, while the rest go hungry. 
Ordinarily, they do not swim, but now they 
cross rivers and fjords without hesitation. 
Huge numbers of lemmings are eaten by 
birds of prey, foxes, and even ordinarily 
herbivorous animals, such as the caribou. 
When the lemmings reach the sea, they 
plunge in and drown en masse. Little is now 
known as to why lemmings behave this 
way. Some authorities interpret the phenom- 
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enon as a kind of population control. be- 


cause it occurs when the weather is mild 
and the lemmings are reproducing very rap- 


idly. There are distinct changes in the 
blood, for example, of Alaskan lemmin 
such as increased concentrations of hor- 
mones and other biochemicals, during these 
reproductive periods. It is possible that one 
of these blood chemicals attacks the ner- 
vous system, causing violent behavior 


COYPUS 


Another puzzle, of a similar sort, arose 
in connection with the coypu (Myocastor 
coypus), or nutria, as it is called. A large, 
muskratlike aquatic rodent, characterized 
by partially webbed hind feet, it inhabited 


the river banks of South America. In the 
late 1840s, hunting coypus for their pelts 
was so popular that peasants were not will- 
ing to work on the sheep and cattle ranches 


during the summer months, In order to pro- 
tect the ranchers from ruin, coypu hunting 
was made illegal. As a consequence, the 
coypu swarmed everywhere. It n 
changed its dietary habits and its habitat, 
establishing itself on dry land many kilome- 
ters from the nearest river. Then, guite 
suddenly, for no known reason, the coypu 
became practically extinct. In recent years, 
it has been introduced to the United States, 
where it now appears to be thriving. 


CHINCHILLAS 


Jit 


Among the few valued representatives 
of the fur-bearing rodents are the South 
American chinchillas, small burrowing 
animals with bushy tails. Chinchilla fur, 
which is much prized for its beauty, is silky 
in texture and a delicate pearl grey in color, 
darkly mottled on the upper surface and 
dusky white beneath. In mountainous dis- 
tricts of Peru and Bolivia, the chinchilla is 
well-known, and here the little creature 
attains its greatest size, 25 centimeters or 
more with an imposing 25 centimeter tail. 
The chinchilla is also found along the coast- 
al area of Chile, while one variety, the visa- 
cha, is native to the Argentine pampas. 
Chinchillas live in large colonies, remaining 
in their capacious burrows by day and ven- 
turing out at twilight to forage and work on 


the» \unnel-building enterprises. As in the 
Per of the Incas, the chinchilla is still hunt- 
ed for fur. 

AGO STIS AND PACAS 


Other species of South American ro- 


dev's are the agouti and its close relative 
th ca. Both resemble over-sized guinea 
pig the agouti measuring from 45 to 50 
cen meters in length, while the paca is 
mo» than one-half meter long. These ro- 
ders are long-legged, with broad flat nails 
on (ir toes. Their ears are small and their 
tail- ‘significant. They are not gregarious 
like e colony-loving chinchillas but dwell 
in pais or little groups. One variety of paca 
lives in the lowlands of Mexico and the 
eas’) part of South America. Another 
inh)o's the lofty forests of the Andean 
foo’. iis in the countries of Ecuador and 
Ve uela. 
CA 

` third group of southern rodents is 
the © vies, small plump creatures with 
shoi! egs. Perhaps the best-known cavy is 
the c smesticated guinea pig. It is probable 
that (his pet and research animal derives 


from ihe Peruvian cavy of the Incas. The 
cavy lives chiefly in marshy districts where 
it can burrow in the soft earth. However, 
the rock cavy of Bolivia dwells in colonies 
amid the high and rock-strewn slopes of the 
great mountain range of the Andes, in 
South America. The rock cavy is highly 
prized by the Indians as a delicacy. 

Another member of the cavy family is 
the Patagonian cavy. At first-glimpse, this 
elongated rodent might be mistaken for a 
large hare. The Patogonian cavy is 45 centi- 
meters in length and has a five-centimeter 
tail. It stands over 30 centimeters in height 
at the shoulder. The creature is colored a 
light cinnamon on the flanks and breast, 
while the belly is white. This cavy, with a 
smaller relative, the «dwarf Patogonian 
Cavy, inhabits the salt wastes of the Argen- 
tine. 


CAPYBARAS 


The largest of the rodents is the capy- 
bara, found in the South American forest 


regions from Guiana to the River Plate. 
The size of a year-old pig, the capybara at- 
tains a length of more than one meter and 
stands 50 centimeters at the shoulder. The 
capybara is a strong swimmer and forages 
in herds of from fifty to one hundred. Her- 
bivorous, constantly on the move, denuding 
whole districts of fruit and vegetation, this 
rodent can be a considerable nuisance in 
agricultural regions. 


Top: a female Patagonian cavy nurses her young as 
her mate stands guard. Bottom: capybaras, native 
to South America, can grow as large as pigs. 
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SEALS AND 


A person who is not familiar with sea 
lions may wonder just what kind of animals 
they are. They have coats of hair like 
mammals, but their flippers seem to have 
nothing in common with the feet of mam- 
mals. Are these flippers like the fins of fish, 
or are they like the paddles of the whales 
and dolphins? The truth is that sea lions are 
flesh-eating mammals that long ago re- 
turned to the sea to live an aquatic life. The 
limbs of the sea lions and their kin—the 
walruses and seals—have bones that corre- 
spond to those found in the limbs of the 
land mammals. Moreover, the teeth and 
skulls of these aquatic creatures show they 
are related to carnivorous land mammals. 

The seals and walruses are large, bulky 
mammals with rudimentary tails. Their ex- 
ternal ears are very small or absent alto- 
gether. The body hair of the different 
groups varies from the finest of fur to 
coarse bristles. These creatures prey upon 
fish, squid and other mollusks, crusta- 
ceans, and, occasionally, sea birds. 

We can trace these mammals back as 
far as the Miocene period, some 25 million 
years ago. Some zoologists think that they 
are descended from the earliest and most 
primitive carnivores called the creodonts. 


A Weddell seal prepares to dive for prey. Weddell 
seals are true seals that live in Antarctica. 
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WALRUSES 


Others believe that they evolve: ma 
later carnivore stock that prod) the 
dogs, bears, weasels, and otters. T ssil 
remains of a mammal with seallik« rac- 
teristics were found in a Siberian geological 
deposit that was about 10 million years old. 


This mammal had a long, slim tail and mbs 
that indicate it could walk on land well 
as swim. It also had features sim iar to 
those of the otter. This ancient ci ore 
itself could not have been a direct a tor, 
but the animal may have been deriv. from 


the ancestral group that gave rise the 
modern seals and walruses. 


MODIFIED LIMBS 


The limbs of seals and walruses have 
undergone a strange transformati: The 
upper and lower leg bones have been such 


shortened, while the front and hind feet 
have been lengthened. There has been no 
increase in the number of toes. A veb of 
skin grows between the toes, thus forming 
the flipper, or fin. These mammals, unlike 
all other aquatic vertebrates, swim entirely 
by means of their limbs. The two hind legs 
are directed backward to serve, in swim- 
ming, as a substitute for a tail. The front 
legs are well suited for steering. The eared 
seals, which include the sea lions and fur 
seals, can bring their hind legs around in a 
forward position when they are traveling on 
the land. This is also true of the walruses. 
The earless seals, of which the elephant 
seal is an example, cannot turn their hind 
limbs forward at all. When on the beaches, 
these animals are barely able to drag them- 
selves along. 

Why should seals and walruses retain 
leglike limbs for land travel when in other 
Tespects they are so remarkably adapted for 
life in the sea? The reason is that all of 
these aquatic mammals must leave the 
water to breed and raise their young, and 
consequently need supports on land for 
their large bodies. When the ancestors of 
these mammals first took to the water, they 
were probably as agile on the land as most 


carnivores. But in time they became 
d to an aquatic environment and 
to the land less frequently. 


ca 
SPECIALIZED FOR SWIMMING 


eals, sea lions, and even walruses are 
{ and powerful swimmers. Sea lions, 
they are swimming slowly, use their 
lippers as paddles. When they go 
they also work the hind limbs. The 
ıt seal moves only its rear flippers to 
wWeddell’s seal presses together the 
surfaces of its hind feet and waves 
paratus from side to side. The ani- 


ma ‘en dive to considerable depths and 
rer submerged for some time. The max- 
im me spent under water has been re- 
co for several species. For instance, 
the phant seal can stay submerged 


minutes; the harbor seal, fifteen; 
> harp seal, twenty minutes. How is 
‘sible? First, these mammals, unlike 
vecies, almost completely renew the 
ieir lungs when they breathe. The 
tory center of their nervous system 
t respond quickly to an increase of 


carbon dioxide in the blood, and so does 
not cemand more rapid breathing. Finally, 
when under water, the animals distribute 
breathed-in oxygen only to those parts of 


the dy involved in essential activity. 
Seals show an additional adaptation: during 
a dive their heartbeat slows from 80 beats 
per minute to about 10 beats per minute. 
This allows the seal to conserve oxygen. 


TWO FAMILIES 


The seals, sea lions, and walruses 
(sometimes known collectively as pin- 
nipeds) are classified in two families. In- 
cluded in the family Otariidae are the fur 
seals, sea lions, and walruses. These ani- 
mals have long necks, small external ears 
(except the walrus), and front limbs nearly 
equal to the hind limbs in length. The north- 
ern fur seals (genus Callorhinus) of the 
North Pacific and the southern fur seals 
(Arctocephalus) of the- Southern Hemi- 
sphere possess a luxuriously soft and dense 
underfur. The sea lions, which lack this un- 
derfur, include the California sea lion (Za- 
lophus), the northern sea lion (Eumeto- 
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The walrus is a stoutly built animal that lives in Arc- 
tic regions. The male's tusks may grow to one meter. 


pias), and the southern sea lion (Otaria). 
The California sea lion has a high forehead 
and glistens black when wet. It gives honk- 
ing barks. It lives along the coast of south- 
ern California and through the central 
Pacific to New Zealand, Australia, and 
Japan. The northern sea lion, which is 
larger and has a low forehead, ranges 
chiefly in the North Pacific, though it will 
go as far south as southern California. The 
walrus (Odobenus) of the Arctic is distin- 
guished from the fur seals and sea lions by 
its great size and large tusks, which are 
elongated, upper canine teeth. 

The earless, or hair, seals of the family 
Phocidae lack external ears, have a very 
short neck, and possess forelimbs much 
shorter than the hind ones. Common seals 
(Phoca) of the northern seas include the 
small and spotted harbor seal; the ribbon 
seal, which has yellow bands around its 
neck, rump, and front flippers; the ringed 
seal, with whitish rings on its sides; and the 
harp, or Greenland, seal, which has along 
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its sides dark bands that join across the 
shoulders and over the rump. The large 
bearded seal (Erignathus) of the Arctic is 
distinguished by bristles on the sides of its 
muzzle. Another large seal of Arctic waters 
is the gray seal, (Halichoerus), a uniformly 
grayish animal. 

The male hooded seal (Cystophora) of 
the North Atlantic differs from other seals 
by having a pouch atop its forehead and 
snout. This bag is inflated when the animal 
becomes annoyed. The closely related sea 
elephants, or elephant seals (Mirounga), 
are giant species living in the Antarctic, 
South Pacific, and Indian Oceans and off 
the coast of Baja California. 

Other seals of the Antarctic and South 
Pacific are the crab-eating seal (Lobodon), 
which varies in color from brown to yel- 
lowish white; the sea leopard (Hydrurga), 
the largest Antarctic species aside from the 
elephant seal; Ross’s seal ( Ommatophoca), 
a small blackish seal; and Weddell’s seal 
(Leptonychotes) of the south polar seas, 
blackish, peppered with silver and gray. 
The monk seal, (Monachus) is a large ani- 
mal, black above and whitish below, in- 
habiting the waters of the Mediterranean, 
Caribbean, and central Pacific. 


SOCIAL BEHAVIOR 


Almost all pinnipeds are gregarious, or 
social, animals, though the sea leopard, 
Ross’s seal, and the bearded seals seem to 
lead solitary lives. 

Sea lions and fur seals make long mi- 
grations to their breeding territories, where 
the males gather a large number of females 
together into harems, or groups. 

Of the earless seals, only the male gray 
seals and elephant seals gather harems of 
females in the mating season. Some earless 
seals migrate to their breeding ground, but 
other species rear their young upon shores 
or ice floes wherever they happen to be. 

The breeding fur seal bulls, or males, 
arrive at the breeding grounds about the 
end of May or the beginning of June and 
take up positions along the shore, awaiting 
the coming of the cows, or breeding fe- 
males, a few weeks later. The cows are 
pregnant when they arrive. Each male now 
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obtains as many cows for his own m as 
possible. He emits loud roars de >d to 
frighten away his competitors olent 
fights occur between breeding m The 
bulls inflict serious wounds vw their 
sharp, powerful teeth. As the b seek 
new cows, the ones they have al y se- 
cured may be stolen by other bu rther 
away from the water’s edge. 

The stronger the bull, the mi ates 
he obtains. The harems of the | ulls 
average about thirty cows. Howev ome 
bulls may manage to gather as m isa 
hundred cows. The competition is ong 
and so continuous that the bulls not 
leave the beach to feed at sea. As ult, 
they may go for several months of ear, 
fighting and mating, without eating l 

Shortly after the cow arrive the 
breeding ground, she gives birth t sin- 
gle pup conceived the previous son. 
About a week later she mates for ext 
year. Four to six weeks after birth, the seal 
pup learns to swim. During the sum the 
cow frequently swims out to sea ed, 
returning at gradually lengthening inio>vals 
to nurse her pup. The senses of the sea) are 
apparently so acute that she has no trouble 
in finding her own offspring among the 
many thousands she encounters when she 
returns to the swarming beach. About four 
months after it is born, the young seal is 
weaned. 


With the approach of winter, the seals 
move out to sea until the following summer. 
By this time, the seal pups are far enough 
along in their development so that they are 
able to accompany their mothers on the 
long swim to warmer latitudes. On their 
migration to and from the summer nesting 
grounds, seals are subject to attacks by 
many sea predators, particularly the killer 
whale, which may swallow as many as 
twenty or more seals at a single feeding. It 
is estimated that not more than half of the 
seal pups ever reach maturity. 


FUR SEAL INDUSTRY 


Because of its habits, the seal is an 
easy prey. In the eighteenth century, Rus- 
Sian seal hunters wrought havoc among the 
fur seal rookeries on the Pribilof Islands off 


laskan coast. The seals were killed 
ied. The animals were hunted so 
at one species, Hydrodomalis stel- 


leri became extinct within twenty years 
of discovery. Several other species be- 
ca too rare to be hunted profitably. In 
tir i\e Russian government realized the 
se) ousness of the situation and put a stop 
te destruction. Then, in 1867, the is- 
lar ere purchased from the czars by the 
Un. J States. The sealing rights were then 
les © private companies and the slaugh- 
te s resumed. Pelagic sealing, or catch- 
ing s at sea, became common. Since the 
hey» ‘migrated in huge groups at fairly re- 
gular times, they were easily located. Un- 
for itely, when a cow was killed, the 
her st not only that female but the pup it 
was carrying. If the female was killed in the 
late nmer or early fall, it also meant the 
de: f the pup she was nursing. 

ıt the fur seal of the North Pacific, 
hap.ly, has been saved from extinction, at 
leas’ ‘or the present. In 1911, the nations 
mos! interested in the sealing industry and 
ther-'ore concerned with the rapid deple- 
tion of the herds finally agreed upon mea- 
sures safeguarding the fur seals. 

1e two most important fur-seal rook- 
erics are those located at the Pribilof 


s, Alaska, and the Komandorskiye 
s, in the Bering Sea. The Pribilofs 
belong g to the United States and the Koman- 
dorskiye Islands to the Soviet Union. 

A new Alaska fur seal law, agreed 
upon by Canada and the United States, still 
prohibits the killing of seals at sea. Sealing 
operations on the Pribilofs are carried on 
by natives of the islands who are under 
direct government supervision. New laws 
enacted by the U.S. Congress may affect 
the agreements presently binding on the 
United States. If danger of extinction exists 
for these animals, treaty agreements may 
be modified. y 

Since one hardy bull seal may maintain 
up to one hundred cows in a harem, and 
since an equal number of male and female 
seals are born, there is an excess of bulls in 
every rookery. These surplus bulls, which 
are called bachelors, are either too young 
or too weak to fight for a harem. They ac- 
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An adult fur seal found in the waters of the Southern 
Hemisphere, sometimes as far north as Australia. 


cordingly separate themselves from the rest 
of the herd. These are the majority of seals 
that are killed for their pelts. A certain 
number of bachelors are allowed to escape, 
however, so that they may become harem 
masters in the future. 


WALRUSES 


The walrus is another pinniped that 
may visit the Pribilofs, though it usually 
keeps to the Arctic seas. It is a good swim- 
mer but cannot endure a long-distance trek 
such as is made by the fur seal. Often it will 
climb aboard ice floes and let the ocean cur- 
rents carry it along. Walruses begin their 
northward migrations in May, and during 
the journey young are born and mating 
occurs. When the Arctic waters freeze 
over, walruses may go as far south as Lab- 
rador in the Atlantic and to the Bering Sea 
in the Pacific. 

The walrus is a ponderous seal-like 
mammal, weighing as much as 1,300 kilo- 
grams. It has a massive neck, which sup- 
ports a proportionally small head. Its muz- 
zle is broad and blunt and is studded with 
coarse, stiff bristles. Short, reddish hairs 
scantily cover its thick and wrinkled hide. 
Like the eared seals, the walrus turns its 
hind feet under its body to assist it when 
walking on land or ice. 
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The characteristic mark of adult wal- 
ruses is the possession of a very fine pair of 
ivory tusks, which are really elongated ca- 
nine teeth of the upper jaw. The tusks of the 
male are quite straight and may grow to a 
length of one meter. Those of the female 
are shorter, more slender, and somewhat 
curved. The tusks make formidable weap- 
ons in defense and in fighting for a mate. 
They are also efficient tools for digging in 
the sediment of the ocean floor for mol- 
lusks, such as clams, snails, and oysters. 
Besides mollusks, walruses eat starfish and 
shrimp. 

Walruses keep together in small herds, 
spending their time on shores or on ice 
floes. Though usually mild in manner, they 
become aggressive during the mating sea- 
son, or when attacked, or when their young 
are threatened. Man is their greatest ene- 
my, but they also fall victims to polar bears 
and killer whales. 

The prosperity of some Eskimo tribes 
depends to a great extent upon the herds of 
walruses. These Eskimos use every bit of a 


A fur seal rookery on the Pribilof Islands. Large 
males may keep as many as 100 females in a harem. 
Bachelors wait offshore. 
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walrus carcass. The flesh is eaten, the hide 
is made into leather, the intestines serve as 
a substitute for window glass, the tusks are 
carved, and the oil is burned to provide 
light. 


TRUE SEALS 


True seals do not move well on land or 
ice. Not only are the hind limbs of little use, 
but their fore limbs are quite small and their 
necks are so short that they can barely lift 
their heads. Their pelts have long, coarse 
hair and lack the characteristic underfur of 
the fur seals. The habits of the harp and 
hooded seals are somewhat similar. These 
animals often migrate together. Early in 
February they head northward for the 
Strait of Belle Isle or the Gulf of St. Law- 
rence, where the young are born, or. 
whelped, sometime in March. Until the 
young harps are able to swim, they are left 
on sheets of thin, drifting ice. The old seals 
leave and approach their babies through 
holes made in this ice. The hooded seal 
young are whelped on ridges of ice, which 
are approached directly from the sea. 
Hooded seals scatter in small groups away 
from the herds of harp seals. Of the true 
seals, the harp and hooded seals are the 
ones chiefly hunted by the commercial seal- 
ers for their hides and blubber. 

Other true seals are found along rocky 
coasts or about islands and ice floes of most 
seas. Certain species even live in inland 
waters. The Caspian seal dwells in the 
Caspian Sea. The Baikal seal flourishes in 
Lake Baikal, which is a large freshwater 
lake of Eurasia. Since these seals are awk- 
ward on land, their presence here suggests 
that these waters had a former connection 
with the open sea. 

But seals can travel on land, if neces- 
sary —a short way in a long time. It is re- 
corded that a gray seal traversed nearly 
fifty kilometers of snow-covered land in 
Norway, the time taken, it is believed, be- 
ing about a week. Whether they would have 
endurance enough to find their way from 
Some other watercourse to the inland seas 
mentioned is, of course, another matter. 

Many seals are destroyed on land by 
polar bears, and many in the waters by kill- 


er whales. The shark is also an enemy of 
this animal. 
rhe common seal along U.S. coasts is 
called the harbor, or leopard, seal. It is one 
f the smallest of the true seals, rarely ex- 
length of two meters, and is whit- 
in color, heavily spotted with gray. It 
s times finds its way into the Great 
i s or other inland bodies of water hav- 
ing + connection with the sea. It is found in 
boii ihe Atlantic and Pacific as far south as 


Nov) Carolina and Baja California though 
noi abundant south of Maine and British 
Columbia. It is not as gregarious as other 
seais ond, therefore, in no present danger of 
ex tion. 
El ANT SEALS 

‘ecause of lack of space we cannot 
menion here all the various genera of the 
true seals, but the sea elephant, or elephant 
seal must be noted. This is indeed a prodi- 
giou- beast, with a length of about six me- 
ters, and a girth of about three meters. 
These dimensions relate to males only, for 
the ‘emales are considerably smaller. The 
enormous coating of blubber in which the 
animal is enveloped is a perfect protection 
against cold, for it has been found that the 
body of a sea elephant that has lain for 


twelve hours in the icy water of the Arctic 
fully retains its internal heat. Formerly 
found in enormous herds, sea elephants are 
now relatively few in number. 

One species, the California sea ele- 
phant, nearly became extinct in the early 
years of the twentieth century. Conserva- 
tion practices in those days were decidedly 
sketchy, to say the least. The animals had 
been considered fair prey for years by 
whalers and sealers, and there was an 
indiscriminate slaughter of them. The few 
that remained made their final bid for life 
on the island of Guadelupe, off the coast of 
Baja California. Since there was no law to 
protect them, it seemed only a matter of 
time before they would all be slaughtered 
by hunters of whales and seals. But this 
was not the only threat to their existence. 
A rich English collector sent out an expedi- 
tion to Guadelupe in order to obtain a num- 
ber of preserved specimens for museums. 


The sea elephants on Guadelupe, 
manaced by commercial killers and scien- 
tific killers, seemed doomed to destruction. 
Fortunately, however, some of the animals 
either managed to escape detection or else 
were not on the island when the slaughter 
took place. When Guadelupe was visited 
by an exploring party in 1919, a small herd 
of the enormous beasts was still holding its 
own. 

These seals breed from February to 
June. During this period they are often to 
be found on the shore. Here they are slug- 
gish and clumsy. They appear to be quite 
unaware that they have a deadly potential 
enemy in man. They show no signs of fear 
when humans approach them. When they 
are attacked, their attempts to escape are 
pathetically futile, since they move about 
with difficulty on land and quickly become 
exhausted. They are more truly in their 
element when swimming about in the sea. 
In the sea, their chief enemy is the killer 
whale. 

Another species of sea elephant makes 
its home in the vicinity of various islands in 
the Antarctic region. The big animals live 
on friendly terms with their neighbors, the 
penguins. They have a better chance to 
survive than their nothern cousins. 


A bull elephant seal, Only males have the large 
trunklike snouts that give the animals their com- 


mon name. 
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WHALES 


The great whales are among the most 
fascinating creatures that have ever lived 
on earth, and one of them, the blue whale, is 
the largest. People in ancient times thought 
of whales as fearsome monsters of the 
ocean depths. So to hunt a whale, when one 
occasionally swam toward shore, was high 
adventure. People found the adventure was 
rewarding, too, for the oil and meat from 
one whale alone could heat and feed a vil- 
lage for a whole winter. 

Ever since those early times, humans 
have felt for whales a sense of wonder 
mixed with an intense desire to capture, 
slaughter, and exploit them. Now the 
slaughter has reached alarming propor- 
tions. Even though some species are pro- 
tected by the regulations of the Internation- 
al Whaling Commission and theoretically 
all whale hunting is regulated, the earth’s 
stock of whales is still being depleted. In 
fact, some scientists worry that 200 years 
from now there may be no whales left. If 
this happens, mankind will be to blame for 
removing from the earth forever a remark- 
able and awe-inspiring creature that has 
always fed man’s imagination and made the 
world a more exciting place. 

Whales resemble huge fish. They were 
referred to by the ancients as “great fish,” 
and any whale beached along the coasts of 
England was designated “the King’s fish” 
because it automatically belonged to the 
Crown. But whales are not fish, They are 
warm-blooded, air-breathing mammals and 
are descended from a thinly haired, four- 
footed creature that lived on dry land. 

About 70,000,000 years ago the 
whales’ ancestors took to the sea by stages 
and gradually developed a streamlined 
shape and other characteristics that en- 
abled them to survive in their new environ- 
ment. They became marine mammals, who, 
though they live entirely in the water, func- 
tion and behave in many ways that are usu- 
ally associated with land animals. For ex- 
ample, whales bear live offspring, nurse 
their young, and breathe through lungs. 
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Because they are lung breathers must 
surface at regular intervals to t n air, 
and, just like land mammals can 
drown. 

Whales belong to the orde tacea, 
which they share with the dol The 
word “Cetacea” comes from ireek 
work ketos, meaning “whale d all 
members of the order are ically 
whales. But this article will dea with 
those large members of the ord ıt are 
commonly called whales. The d s are 
covered in a separate article. In sent 
article we shall describe the nine ies of 
very large whales known as th great 
whales” and a number of othe: ds of 
whales that, though not big enc to be 


called “great,” are nevertheless in int. 
A MAMMAL ADAPTS TO THE Si 


As those mammals that were eday 
to become whales gradually mo from 
the land to sea—either to escape predators 
or to find a new food supply —they proba- 
bly went through stages when they lived 
partly on the land and partly in the water. 
At last they broke their ties with the land 
altogether and lived entirely in the sea. In 


the course of this land-to-sea movement, 
which occurred over millions of years, the 
whale underwent bodily changes that made 
it adapted to sea life. 

The whale developed a streamlined, 
muscular body well suited to nearly con- 
stant swimming. The front legs became 
flippers, and the hind legs disappeared. 
Heavy horizontal tail fins, or flukes, de- 
veloped from the tail. 

All hair vanished except for a few bris- 
tles on the head, and the nostrils moved to 
the top of the skull, where they are now the 
blowholes. The external ears vanished but 
the inner ear remained, and whales seem to 
have more sensitive hearing than any other 
mammal but the bat. In the water the acute 
hearing takes over most eye functions and 
permits the whale to sense the presence of 
obstacles and find food. A whale’s hearing 


also snables it to communicate with fellow 
meioers of its group, often known as a 
herd. 


Whales emit sounds, or “songs,” 
which vary according to the species. The 
whale’s sound waves strike distant objects 
and bounce back to the whale, setting up 
vibrations in the middle ear. The timing and 
direction of these vibrations, or echoes, let 
the whale know where obstacles are locat- 
ed and also tell it where to find its food. 
Some scientists, discovering the ears of cer- 
tain beached whales to be full of parasites, 
think that whales may run aground because 
impaired hearing makes them lose their 
ability to “echolocate” the shoreline. 


TO LIVE IN COOL WATERS 


Animals produce heat as a result of 
their normal bodily functions. Some ani- 
mals—birds and mammals, including 
whales—are able to maintain a fairly con- 
stant level of heat, or temperature, in their 
bodies in spite of wide variations in the 
temperature of their surroundings. These 
are known as warm-blooded animals, or 
homeotherms. A healthy person (a mam- 


Eastmon Kodak Co., photo by J. Douglas Heyland, Quebec Wildlife Service 


Great numbers of white 
whales in their breeding 
grounds in Canada's 
Northwest Territories. This 
rarely seen view, taken 
with special water-pene- 
trating film, shows the 
adult and young whales as 
well as the physical char- 
acteristics of the breeding 
grounds. 


mal), for example, will have a body tem- 
perature of about 37° Celsius whether it is 
a warm day or a cold day. Special body 
features and activities work together to 
maintain this constant body temperature. 

In the whale special body changes, or 
adaptations, permit it to live in the cold en- 
vironment of the ocean. One of these adap- 
tations involves size. The larger a mammal 
is, the relatively smaller its surface area is 
in proportion to its mass. Heat production 
takes place throughout the mass of an ani- 
mal, heat loss through its surface. A 30- 
meter long whale has a large skin surface 
where heat loss occurs, but an even greater 
bulk—100 metric tons or more— where 
heat production takes place. Thus the 
whale’s large size functions as one of its 
adaptations to its often cold environment. 
Of far more adaptive importance, however, 
is the whale’s blubber. 

Blubber is a thick layer of fatty fibrous 
tissue that lies under the paper-thin hairless 
skin of the whale. A poor conductor of 
heat, blubber provides whales with good 
insulation from the cold. In spite of these 
adaptations, most whales when at rest lose 


WHALES 


51 


SPERM WHALE 


52 


BLUE WHALE 


heat more rapidly than they produce it 
through their normal body functions. They 
therefore swim to keep warm. 

Blubber probably also serves as a food 
reservoir. This idea is supported by the fact 
that some whales have a much reduced 
blubber layer in winter when they eat very 
little. Blubber also reduces the specific 
gravity of the whale, thus making it more 
buoyant, and probably forms an elastic 
covering that allows for changes in volume 
during deep dives. 


CARING FOR THE YOUNG 


The whale calf is not as well protected 
from the cold as the adult whale, since it is 
smaller and has less blubber. However, it is 
born in relatively warm waters. Though 
most of the great whales feed in the cool 
seas near the poles, they migrate to warmer 
seas to mate and give birth. 
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BOTTLENOSE (ALE 


During the mating season, the male 
and female of some species swim sidie by 
side, rub and nuzzle one another, give each 
other resounding blows with their flippers, 
and jump clear of the water, falling back 
with a great splash. Normally only one 
young is produced after a gestation period 
that varies from about 1 year in some kinds 
of whale to about 16 months in others. At 
the end of the gestation period, delivery of 
the young from the female’s uterus is rapid. 
The infant swims from birth. 

Within the first 24 hours, the newborn 
whale begins to nurse from its mother’s 
mammary glands, which are situated in a 
pocket on the rear belly and are enclosed in 
a compressor muscle. Nursing by the infant 
is very brief. The mother, swimming slow- 
ly, turns on her side. As the infant touches 
the nipple of the mammary gland, a con- 
traction of the muscle surrounding this 
gland squirts milk into the infant’s mouth. 
The milk is very rich in minerals, proteins, 


and fats. On this diet the young grow rapid- 
ly. Young whales nurse for 2 to 7 months 


after birth. Sexual maturity is reached by 
most whales in their third to fifth year. 
Their life span is thought to be about 20 
year 

THEIR DEEP DIVES 


Whales can spend long periods of time 


under water—as much as 2 hours in some 
specics—and can dive deeply; this deep 
diving is known as sounding. They are able 
to sound because of special adaptations of 
their respiratory and circulatory systems. 
The nostrils, or blowholes, are on the top of 
the and the nasal, or air, passages go 
directly to the lungs without joining the 
throat 

When the whale surfaces, it “blows,” 
or breathes out, through these passages, 
usually making a visible plume of con- 
densed air, its most characteristic feature. 


When it breathes in again, the small but 
very elastic lungs are quickly filled with 
large volumes of air. After the intake of air, 
special networks of blood vessels through- 
out the body store up an extra supply of 
oxygen. When another dive is made, valves 
close the nostrils. The heartbeat slows 
down and oxygen is conserved by the 
shunting away of blood from non-vital 
areas of the body, such as the muscles. The 
muscles are not really deprived of oxygen 


at this point, however, because oxygen has 
already been stored there. All in all, the 
whale’s metabolism tends to store and save 
oxygen, which enables the whale to wait a 
fairly long time between breaths of fresh 
air. 


THE ORDER CETACEA 


The order Cetacea is divided into two 
suborders, the Mysticeti, or baleen whales, 
and the Odontoceti, or toothed whales. The 
chief difference between the two suborders 
is in their equipment for feeding, although 
there are other important differences, too. 
The baleen whales lack teeth, and instead 
have plates of baleen, a horny, fringed sub- 
stance, hanging down from the upper jaws. 
With this they strain their food out of the 
seawater. The toothed whales, on the other 
hand, have teeth—with which they grasp 
their prey before swallowing it whole. 

Of the nine great whales, eight are ba- 
leen whales. These eight species are the 
blue whale, the fin whale, the sei whale, 
Bryde’s whale, the humpback whale, two 
species of right whales, and the gray whale. 

Only one of the great whales is a 
toothed whale. It is the sperm whale, one of 
the most interesting-looking creatures 
alive. Moby Dick, the famous fictional 
whale, was a sperm whale. Other toothed 
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Whales are able to spend long periods of time under water—thanks to special 
adaptations of their respiratory and circulatory systems that allow them to con- 
serve oxygen. 


whales are the beaked whales; the belugas, 
or white whales; the narwhals; the killer 
whales; and the pilot whales. All the dol- 
phins are technically toothed whales, too, 
and the killer and pilot whales are techni- 
cally large dolphins. 


THE BALEEN WHALES 


Ten species make up the suborder 
Mysticeti, or baleen whales. The word 
“Mysticeti” comes from the Greek word 
mystax, meaning “a moustache,” and ketos, 
meaning “whale.” The idea that these 
whales are ‘“‘moustached” comes from the 
fringed plates of baleen that hang down 
from their upper jaws on either side of the 
roof of the mouth. The baleen, despite its 
sometimes being called “whalebone,” is not 
bone at all. It is an outgrowth of the whale’s 
skin, just as fingernails are an extension of 
the skin structure in a human. 

Baleen used to be of great commercial 
value—so much so that it shared honors 
with whale oil as the object of whaling ex- 
peditions. In fact its value often surpassed 
that of oil. Although its best-known use was 
as corset stays, baleen was also used in 
bonnets, bodices, hoopskirts, umbrellas, 
whips, walking canes, and telephone 
covers. But in modern times baleen has 
been almost completely replaced by flexible 
steel and plastic. 

The Mysticeti use their baleen to filter 


WHALES 


their food from the sea. Althouy! ie ba- 
leen whales will eat small fish, mos: feed on 
tiny shrimplike crustaceans kno\ krill. 


When the baleen whale feeds, it moves 
through the water with its mouth open, tak- 
ing in huge quantities of krill other 
floating animal matter. This food is swept 
up against the matted surfaces of the 
fringed baleen sheets. The whale closes its 
mouth and raises its tongue agains! the pal- 
ate. Water is forced out between the baleen 
sheets and the loose lips, and the filtered 
and unchewed food organisms are pushed 


back by the tongue and swallowed. The 
food then enters a four-chambered stomach 
where it is slowly broken down for diges- 
tion. 

It is the cool waters near the poles that 
support krill, which accounts for the baleen 
whales’ summering in the high latitudes of 
the Arctic and Antarctic, though they mi- 
grate long distances to temperate and sub- 
tropical waters to breed and give birth ina 
less harsh environment. 

The female baleen whale is larger than 
the male, and baleen whales on the whole 
tend to be larger than the toothed whales. 
Some baleen whales are faster swimmers 
than the toothed whales, but they do not 
dive as deep or stay under water as long. 

All baleen whales have two blowholes, 
whereas toothed whales have only one. 
This feature makes for symmetry in the 


tructure of the baleen whales, and for 
y in the head structure of the 
ed whales. 
tere follow descriptions of the major 
i, or baleen whales. 
whale. The blue whale (Balaenop- 
sculus), or sulphur-bottom whale, 
largest animal that has ever lived. A 
»wn female may reach 30.5 meters in 
and the smallest adults are 21 me- 
ig. The adult blue usually weighs be- 
65 and 150 metric tons. 
> blue whale’s body is a dark slate- 


fu 


blue with white marblings on the underside. 
The head is flat and short, and the baleen 
plates are stout, stiff, and black. 


> blue whale belongs to the rorqual, 
, family. All members of this fam- 
yngitudinal grooves or furrows on 


their ‘hroats. These allow the throat to ex- 
pand when the whale swallows. And, as 
one of their family names implies, they 
have a back, or dorsal, fin. 


blues usually travel in family 
of a bull, a cow, and a calf, or in 
hools of six, but young adults are 
sometimes seen alone. In summer the blues 
are found along the edge of the pack ice at 
both poles. 

Once the most valuable and sought- 
after of all whales, the blues are now near- 
ing extinction. They have been fully pro- 
tected since the late 1960s, when they 
were estimated to have been reduced to one 
per cent of their former numbers. Because 
they occur in scattered and isolated popula- 
tions, it may be difficult for them to recover. 

Fin whale. The fin whale (B. physalus), 
also known as the finback and the common 
rorqual, is slightly smaller and more slen- 
der than the blue. Its maximum length is 25 
meters and its average length 21 meters. 
This whale is generally blue-gray in color, 
but its coloring is not symmetrical. The left 
side of the back is of a darker shade than 
the right. The right lower jaw is light on the 
outside and dark on the inside. The coloring 
of the left lower jaw is the opposite—dark 
outside and light inside. The first third of 
the baleen on the right is cream colored, 
while the rest is blue-gray. 

The fin whales are more gregarious 


than the blues. A dozen fin whales together 
is a common sight, and they sometimes 
travel in schools of 100 or more. They are 
fast swimmers, even reaching a speed of 37 
kilometers an hour at times. The fins are 
seen in all the cool waters of the world. 

The fin whales were once the most 
numerous of the rorquals, but intense hunt- 
ing since the mid-1940s has reduced them 
to one-fifth their former numbers. In 1975 
the killing of the fin whale was forbidden 
throughout most of its range. 

Sei whale. The next in size of the ror- 
quals is the sei whale (B. borealis). Its 
greatest length is about 18 meters and its 
average length 13 meters. Sei whales are 
bluish black in color on the back, shoulders, 
and head, but the sides are gray. The under- 
side has white longitudinal stripes. The 
baleen, which is mainly white, is quite long 
and very soft and fine. The throat furrows 
are shorter than in other baleen whales. 

The sei is the most consistently swift 
of all whales, sometimes swimming for con- 
siderable distances at speeds of up to 35 
kilometers an hour. It travels singly or in 


Awhale sounding. At the start of the dive, the flukes 
are raised in the air. Then the whale slips below the 
surface at nearly a vertical angle. 

Giani Tortoli/PR 
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groups of two to five, and is sometimes 
found in shallow waters. With the depletion 
of the blue, fin, and humpback whales, the 
sei has been seriously overhunted and is in 
a major decline. In 1975 the hunting of seis 
was restricted but not outlawed. 

Bryde’s whale. Bryde’s whale (B. edeni) 
has only been recognized by whalers as a 
separate species from the sei whales since 
1912. Its maximum length is 15 meters and 
its average length 12 meters. It differs from 
the seis in having short, coarse baleen, 
white in front and black at the back, and 
long throat furrows. Also, Bryde’s whale 
feeds mostly on fish instead of krill. 

Bryde’s whale inhabits tropical and 
subtropical waters and does not migrate 
seasonally to cooler waters. It is most often 
seen off the coasts of South Africa. Statisti- 
cal data on Bryde’s whale is often erro- 
neously lumped in with data on the seis. 

Minke whale. The smallest of the ror- 
quals is the Minke whale (B. acutorostrata), 
also called the piked whale and the lesser 


Catching a whale. A whal- 
er waits for the whale to 
approach before firing a 
harpoon (right). Then the 
whale is brought to the 
side of the ship (far right). 
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rorqual. The minke is not consider 


of the great whales, since it is a 


reaching only 9 meters at its longe: 
averaging 8 meters. Its shape is t! 


miniature fin whale, and its color 
gray on the back and white on th 


side. It has cream-colored baleen 
white band across the middle of ea 


per. It feeds mainly on fish. 


Minkes are found in all the coo! 
of the world, and in the Antarctic the 


live among the ice floes or under t 
ice. They have a habit of jumping 
out of the water—an activity kn 


breaching—and doing other acro' 


Sometimes they appear to be stan 
vertically in ice holes, which they m 
banged in the ice in order to breathe 

Despite their small size, the 
are now the most hunted of the ; 
since the other members of the far 


so depleted. The meat of the minke i$ : 


Much of the world’s catch is eater 
Japanese. 
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Humpback whale. The humpback whale 


(Me rera novaeangliae) belongs to a 
separate genus of the rorqual family. De- 
spite its mame, it is not at all humpbacked, 
but it is more pear-shaped than the other 
rorquals and has fewer and much wider 
throat pleats. Its maximum length is 15 
mete ind its average length about 14 
met rhe back and sides are black in 
colc id the underside is usually white. 
The baleen is dark gray. The humpback has 
very iz, Knobby flippers and a broad, 
rou out. There are also knobs on the 
jaws and the top of the head, with coarse 
hairs outing from them. The humpback 
is p ed by barnacle parasites—some- 
time ; much as a half metric ton to a 
single whale. 

e humpback whale has many engag- 
ing tr When humpbacks mate, for ex- 


ample, they embrace each other with their 
long flippers. And they can often be seen 

reaching and doing back somersaults in 
When swimming, they will some- 


times roll over and slap the water with their 
flippers, making a loud smacking sound. 
The humpback has a varied repertory of 
“songs,” and popular recordings have been 
made of them. 

Because the humpback is a slow swim- 
mer, lives in shallow waters, and has very 
thick blubber, it has been overhunted by 
coastal whalers for centuries and is now 
very rare. It has been protected since 1966, 

Right whales. The right whales—the 
right and the bowhead, or Greenland right — 
are two of the most interesting species of 
great baleen whale. They are stout and have 
very big heads. They also lack throat furrows 
and the dorsal fin characteristic of the ror- 
quals. The name “right whales” comes from 
the fact that in the early days of whaling 
they were considered the “right whales” to 
go after because they had thick blubber and 
long valuable baleen, were slow swimmers, 
and would float whendead. The rorquals and 
the sperm whales were the “wrong whales” 
—primarily because they would sink. 

The right whale (Eubalaena glacialis), 
also called the Biscay right, the black right, 
the North Atlantic right, and the southern 
right, reaches 18 meters in length. It is 
black in color, though there may be irregu- 
lar white patches on the underside. The 
baleen is black, up to almost 2.5 meters 
long, and rather coarse. On the top of the 
arched upper jaw are wartlike callouses, 
referred to as “the bonnet,” which are 
crawling with whale lice. 

Because the right whale tends to live in 
coastal waters and is a slow swimmer— 
traveling at only between 3 and 10 kilome- 
ters an hour—is has been the easy prey of 
whalers and has been in decline for centu- 
ries. Although it has been fully protected 
since 1935, it has not made a comeback, 
and only about 2,000 right whales are 
thought to remain. 

The bowhead whale (Balaena mystice- 
tus) is also called the Greenland right and 
the Arctic right. It has black baleen averag- 
ing 3 meters in length—the longest of any 
Mysticeti whale. The whale itself reaches a 
maximum length of 18 meters and is black 
in color with a cream-colored patch under 
its chin. The upper jaws of this whale’s 
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A boy reaches into the waters off Baja California to 
pet a gray whale. 


huge head are arched into an almost semi- 
circular bow —hence its name. 

The bowhead is very near extinction. 
Only one population of about 1,000 re- 
mains, in the Alaskan Arctic, living near 
the edge of the pack ice. This whale is an 
active breacher and can stay under water 
an hour—longer than any other baleen 
whale. 

Although the bowhead has been pro- 
tected since 1935, the small surviving 
population is endangered by the Alaskan 
Eskimos, whose traditional culture is based 
entirely on whale hunting. Nonetheless, the 
latest figures suggest the number of bow- 
head is increasing slowly. 

Gray whale. The gray whale (Eschrich- 
tius robustus) makes up a third major fam- 
ily of baleen whales. Also called the Cali- 
fornia gray whale and the devilfish, this 
whale is gray in color with white flecks on 
the flippers and sides. It is rather small for 
a great whale, averaging 14 meters in 
length. The grays have short, thick, cream- 
colored baleen. The flippers are large and 
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rounded, and the outline of four “fingers” 


can be clearly seen in them. Like the hump- 
backs, the grays usually carry mac. bar- 
nacles, which make their skins look mot- 
tled. 

The grays travel singly or mall 
schools, and are known for their lon: , regu- 
lar migrations from Alaskan v to 
breeding grounds off Baja Californi 

The gray whales were in a se de- 
cline until they became fully pro d in 
1947. They have made a remarka! »me- 
back, and are now estimated tc iber 
around 11,000. 

THE TOOTHED WHALES 

The Odontoceti, or toothed iles, 
are probably only distantly relate: the 
Mysticeti, or baleen whales. As said 
earlier, the main way in which the thed 
whales differ from the Mysticeti is that they 
use teeth rather than baleen for ling. 
Other major differences are ihe! the 
toothed whales have only one blowhwic and 
no throat pleats; the males are much larger 
than the females; and the gestation period is 
longer than that of the baleen whales. The 
Odontoceti also dive more deeply and stay 
under water longer than the baleens d 

Spermwhale. The only great whale 


among the Odontoceti is the sperm whale 
(Physeter catodon), also called the cacha- 
lot. The bulls, which may be twice the size 
of the cows, reach a maximum length of 
18 meters and an average length of 14 
meters. Their color is dark gray, shading to 
white underneath. 

The sperm whale’s body is shaped like 
a tapering cylinder. The widest third of the 
cylinder is the head, which is shaped like a 
boiler with dents on either side. Its mouth 
has teeth only in the lower jaw. 

The huge head encloses the largest 
brain of any creature alive, weighing a little 
more than 8.5 kilograms. It also houses a 
reservoir, or case, filled with a liquid wax 
called spermaceti, which gives the whale its 
name. This whale is chiefly hunted for its 
Spermaceti, which was used for lamps be- 
fore petroleum products became common. 
It is still in demand as a lubricant for fine 
machinery and is sometimes used in cos- 
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impback whales on their Cape Cod, Massachusetts feeding grounds 


ing their wounded companions and for 


Maje: 

are a \g sight to a group of people on a whale-watch cruise. 
metics. Ambergris, a substance used in per- 

fume making, is found in the intestines of 


rm whales. 

sperm whale usually eats squid 
ish, and dives deeply in search of 
{t can stay under water for an hour 
alf. 

~ Sperm whales often travel in herds of 
from 50 to several hundred. They are the 
only polygamous great whales. The cows 
sometimes travel in “harem schools” 
watched over by from one to four bulls, or 
“schoolmasters.” Solitary bulls that have 
been driven from the herd can be aggres- 
sive —as was Moby Dick. 

The sperm whale population has 
dropped to 25 per cent of its former num- 
bers, but the sperm whale is only partially 
protected. 

Bottle-nosed whale. The bottle-nosed 
whale (Hyperoodon ampullatus) is another 
important toothed whale. Its maximum 
length is 9 meters. The young are gray- 
black in color but develop yellowish-white 
markings as they grow older. The bulging 
forehead of the male also contains sperma- 
ceti. These whales live mainly in the North 
Atlantic. They are known for always assist- 


some 


making very sudden, swift dives. 

Narwhal. The narwhal (Monodon mon- 
oceros), a fascinating little whale, grows to 
between 4 and 5 meters long. The male is 
famous for its left-hand upper tooth, which 
grows out as a leftward spiraling tusk to a 
maximum length of almost 3 meters. 

Because the narwhal lives in Arctic 
seas, it used to be taken as a secondary 
catch by whalers in search of the bowhead. 
Since the bowhead has become too rare to 
be hunted commercially, the narwhals are 
recovering. 

Beluga. The beluga, or white whale 
(Delphinapterus leucas), belongs to the 
same family as the narwhal and, like its rel- 
ative, lives mainly in the Arctic. The maxi- 
mum length of belugas is 5.5 meters and the 
average length is about 4 meters. Young 
belugas are dark gray, but by age 4 or 5 
they become white. They are regularly 
hunted by Eskimos of the Canadian and 
Alaskan Arctic. 

Killer whale. The killer whale (Orcinus 
orca) and the pilot whale are technically 
dolphins but are commonly known as 
whales and will be discussed here. The kil- 
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Whale oil, meat, and other products appear in Eu- 
ropean, Japanese, and Soviet markets, but there is 
increasing pressure against whaling in all parts of 
the world, 


ler whale is found the world over. The 
male’s maximum length is nine meters. 
This whale has a glossy black back and 
white markings on the sides and belly. It 
also has a prominent dorsal fin that is some- 
times nearly two meters high. Though the 
killer whale often eats fish and squid, it is 
famous as the only cetacean that also eats 
meat, and its mass attacks on other, larger 
whales, and on dolphins, baby seals and 
walruses, and penguins are well known. 

Pilot whale. The pilot whale, or black- 
fish (Globicephala melaena), measures 
anywhere from 3.5 to 8.5 meters in length. 
It is black and has a rounded head. This 
whale, one of the most intelligent and 
friendly of the dolphins, lives in northern 
waters but has relatives the world over. 
Pilot whales travel in large herds, and since 
they tend to ‘‘follow the leader,” the whole 
herd sometimes runs aground while follow- 
ing a sick or confused member. 


WHALING AND ITS CONTROL 


Although whales were probably hunt- 
ed long before recorded history, the earliest 
whaling of which we have records was car- 
ried on by the Phoenicians in the eastern 
Mediterranean about 1000 B.c. Much later, 
in the 10th century A.D., the Basques of the 
Spanish Atlantic coast learned to be expert 
whalers. As they became more and more 
practiced, their quarry, the Biscay right 
whale, became nearly extinct. 
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When the English and the Dutch began 


to hunt whales in the 1600's, they hired 
Basques to teach them their techniques. 
The English and the Dutch based their rival 
whale fisheries on Spitsbergen, off the Arc- 
tic coast of Norway, and they hunted the 
bowhead whale to the verge of ext on. 

The great American sperm whale fish- 
ery, based chiefly on such New England 
ports as Nantucket Island and New Bed- 
ford, Massachusetts, began in 1712 and 
lasted until petroleum products iced 
spermaceti, beginning in 1859. The result- 
ing decline in sperm whaling saved the 
sperm whale from depletion at that 

The rorqual fishery of the sub-Antarc- 
tic oceans, begun in the 1920’s, became the 


next link in the chain of overkill and de- 
cline. By this time, the use of the h: 
gun (a harpoon with an explosive c Z 
the end) and the factory ship (a floating 


slaughterhouse) had made whaling too effi- 
cient to give the whale a fighting char 

In 1935 an international whaling, con- 
vention forbade the taking of the right 
whale and the bowhead. 

In 1946 whaling interests in 20 nations 


formed the International Whaling Commis- 
sion. A voluntary body, it had as its original 
aim the protection of whales for the ‘‘or- 
derly development of the whaling indus- 
try.” 

Although the IWC placed prohibitions 
on the killing of species, such as the blue, 
that are near extinction, its efforts to pre- 
serve other species from decline were only 
partly successful. In its early years it set 
catch quotas too high, which resulted in 
more whaling rather than in less. Later, ef- 
forts to place a moratorium on all whaling 
were unsuccessful. 

In 1982, however, the IWC, by then 
grown to 39 members, voted a worldwide 
ban on all commercial whaling for an indef- 
inite period beginning in 1985. The major 
whaling nations resisted the ban. Japan and 
Norway invoked their sovereign rights to 
continue whaling within a 320-kilometer 
coastal zone, and the Soviet Union indi- 
cated that it might leave the commission in 
order to continue hunting less-threatened 
species. 


Iny-Schwartz 


Dol > sometimes called "little whales.” Like their whale relatives, they are 
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mar idapted to life in the sea. 


ple traveling by ship sometimes see 


fishlike creatures leaping about in the sea. 
Ofte ese creatures come so close to the 
ship sed travel along with it so faithfully 
that y are said to be “escorting” it. 
How , these friendly creatures are not 
fish hey are dolphins, 


mammals classified with whales in the or- 
der Cetacea. 

People often wonder whether to call 
these little whales “dolphins” or “porpois- 
es,” and the terms are often used inter- 
changeably. “Dolphin” is the better term, 
Since it applies to all the members of the 
group. Porpoises are actually a special type 
of smallish dolphin that has a rounded 
snout rather than the “beak,” or extended 
mouth structure, that most other dolphins 
have. 

Dolphins were considered sacred by 
the ancient Greeks, and were described by 
the Greek philosopher-scientist Aristotle. 
But in ancient times —and, in fact, up until 
the late seventeenth century — dolphins were 
thought to be fish because of their fishlike 
shape, their fins, and the fact that they live 
entirely in the water. However, when scien- 
tists began to classify animals according to 


similarities in their structure and function, 
it became clear that dolphins are-mammals. 
They are warm-blooded, give birth to live 
offspring, and suckle their young. And, 
though they live in water, they breathe 
through lungs and must come to the surface 
for air. 

Like the whales, dolphins are the prod- 
uct of gradual adaptation to life in the sea 
by a former land-dwelling animal. And, also 
like the whales, the dolphins have large 
brains and are highly intelligent. 

Another trait dolphins share with 
whales is the ability to produce high- 
pitched sounds, or “songs.” Dolphins use 
their sound equipment to signal to one an- 
other and to locate food—usually fish or 
cuttlefish—and other objects through a 
process known as echolocation. In this 
process the dolphin’s sounds echo off, c 
bounce back from, distant objects, letting 
the dolphin know where the objects are 
located. 

Since the early 1900s, scientists have 
been learning how to keep dolphins in cap- 
tivity and have been studying them more 
and more closely. Now they are concen- 
trating their researches on dolphin intelli- 
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gence and on how and why the dolphins 
produce their complicated sounds. 

But even as we are learning to appre- 
ciate the sophisticated life and behavior of 
dolphins, over 100,000 dolphins a year are 
being killed. The spotted dolphin, the spin- 
ner dolphin, and the common dolphin habit- 
ually swim with the yellowfin tuna, which 
are taken in special nets called purse seines. 
The tuna fisherman set the nets under the 
schools of tuna, and when the nets are 
closed and hauled in, many dolphins are 
trapped. The dolphins, which are air- 
breathing animals, may drown in the nets, 
or, once on deck, die of exposure. 

In 1972 the U.S. Congress passed 
the Marine Mammal Protection Act. It 
sought to oblige the U.S. tuna industry to 
seek methods of seining that would reduce 
the killing of dolphins. But the tunamen 
have resisted complying with the law and 
are trying to get Congress to remove its re- 
strictions. 


A MAMMAL IN THE SEA 


The classification of dolphins is some- 


The two bottle-nosed dolphins at the 
right are just as interested in their 
photographer as the photographer is 
interested in them. 
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what confusing. Technically, all dolphins 
belong to a suborder of whales known as 
the Odontoceti, or “toothed whales.” Most 
dolphins are classified in the superfamily 
Delphinoidea, a large group that also in- 
cludes two species called whales —namely, 
the killer whale and the pilot whale. River 
dolphins, which are somewhat different 
from most other dolphins in appearance 
and habits, are classified in the superfamily 
Platanistoidea. 

The dolphins’ ancient ancestor com- 
pleted the transition to life in the water per- 
haps as much as 70,000,000 years ago. By 
the time the former land animal had become 
completely water dwelling, its body had 
undergone great changes. The forelegs had 
become flippers, in which the traces of five 
“fingers” can still be observed. The hind 
legs disappeared, and the tail became modi- 
fied into tail flukes, with which the animal 
propels itself through the water. The body 
had become generally streamlined to permit 
fast swimming—up to 35 kilometers per 
hour in some species. The nostrils had mi- 
grated to the top of the head to form the sin- 


Marineland of Florida 
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whale. Killer whales are really dolphins— 
olphins in that they are larger and more 
» than typical dolphins are. 


gle hole through which the dolphin 
bres . The fur had been lost and a layer 
of b er had developed just under the 


skin more efficient means than fur of 
kee; the animal warm in the water. The 
sense of smell had been almost totally lost, 


and eyesight had diminished. And, 


while the outer ear had vanished, a highly 
sens inner ear had been developed. 

ihe dolphin’s sensitive hearing is im- 
portant in the animal’s echolocation sys- 
tem, which we mentioned earlier. The dol- 
phin emits sounds, either through its blow- 
hole or by passing air over its larynx. The 


sound waves emitted bounce off distant 
objects and return to the dolphin, in varying 
tones and at different times. These waves 
set up vibrations in the inner ear. These 
vibrations tell the dolphin the exact loca- 
tion of undersea objects, including food. 

Other major changes in the dolphin’s 
internal functioning had also occurred by 
the time it took up full-time life in the water. 
The mechanics of breathing had altered 
considerably to allow the dolphin to spend 
more time under water. After the dolphin 
inhales, 40 per cent of the oxygen taken in 
finds its way into the muscle tissue. (By 
comparison only 13 per cent does so in 
humans.) Because of this efficient uptake 
and the muscles’ ability to store and then 
release oxygen as needed, dolphins require 
oxygen from the air less frequently than 
humans do. 

The dolphins’ lungs themselves are 
efficient users of oxygen, for they can ex- 


change 85 to 90 per cent of their oxygen 
with each breath. A person must breathe 
twelve to sixteen times a minute, whereas a 
dolphin of the same size need only breathe 
an average of one to three times a minute. 

Dolphins have also developed a spe- 
cial system of blood vessels to offset sud- 
den changes in their blood pressure that 
occur when they dive. In these special net- 
works, called the retia mirabilia, blood 
flow is not limited to one direction, as it is in 
most blood vessels; instead the blood can 
flow in either direction. This enables a dol- 
phin to shunt its blood away from any area 
where the blood pressure rises sharply and 
later allow the blood to return. 

Despite these changes in physiology 
needed for an active life in the water, dol- 
phins, as we have mentioned, retain the 
basic traits of mammals. One, which we 
have just discussed, is mammalian lungs, 
which require them to surface at intervals 
to breathe air. But there are two ways in 
which the cetacean lung differs from that of 
other mammals. The passage from blow- 
hole to lung is direct and relatively short. 
And the respiratory system has muscular 
valves that safely close off the blowhole 
and bronchial tubes when the animal dives. 


DOLPHINS AND THEIR YOUNG 


Other traits also identify dolphins and 
other whales as mammals. The main one 


With its seeming grin, this spotted dolphin reveals 
the many pointed teeth that make it a member of 
the suborder of toothed whales. 
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Dolphins are often seen traveling alongside ships. 
Records of this activity go back to ancient times. 


is that they bear live offspring and suckle 
their young. The gestation period for dol- 
phins is 10 to 12 months. The young are 
fully developed at birth and may be quite 
large—sometimes half the length of the 
mother and up to one sixth of her weight. 
There is usually only one young. 

When the female dolphin is about to 
give birth, she begins to swim more slowly 
than usual. Some of the other female mem- 
bers of the school stay close to her, proba- 
bly to offer help and to prevent her being 
separated from the school. When the young 
dolphin emerges from its mother—always 
tailfirst—one of these “aunts” escorts it 
quickly to the surface so that it can take its 
first breath of air. While the calf, as the 
offspring is called, remains young, one of 
the aunts swims beside it on the Opposite 
side from the mother, so that it is protected 
on either side. 

The mother dolphin suckles the calf for 
a year or more. The calf nurses under wa- 
ter, where the mother squirts milk directly 
into its mouth by means of a muscle asso- 
ciated with the mammary gland. Dolphin 
milk is very rich in fats and proteins, and 
the calf grows rapidly. Despite this rapid 
growth, however, sexual maturity is 
reached at very different ages in different 
dolphin families. The common porpoise is 
sexually mature by 15 months of age. But 
the bottle-nosed dolphin only reaches sex- 
ual maturity at 5 years of age. 
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INTELLIGENCE AND BEHAVIO 


Many ancient peoples, an specially 
the Greeks, accepted the fact lolphins 
were nearly as intelligent as hi s. They 
readily believed stories of he: icts by 
dolphins and of remarkable fri lips that 
occasionally developed betw olphins 


and human beings — usually yc yS. 


According to one legend vachus, 
the son of the Greek hero ( us, fell 
into the sea and would have « { hada 
dolphin not discovered him an ied him 
to shore. Thereafter Odysseu ried the 
picture of a dolphin on his shie! is story 
was recorded by the Roman \ lutarch 
and is the earliest known acco a dol- 
phin’s helpfulness to a human 

An early story of a dol human 
friendship is told by the Rom cientist 
Pliny in his Natural History. In a lagoon in 
Italy there lived a dolphin who | ne the 
friend of a young boy. This boy o walk 
all the way around the lagoon « morn- 
ing to get to his school in the tow Puteo- 
li. After a while the dolphin began to let the 
boy ride on his back, and at last began to 
carry him all the way across the lagoon to 
school each day. Not only thatthe dol- 


phin soon began calling for the boy after 
school so that he could carry him back 
home again. 

As the modern scientific age dawned, 
Scientists tended to downgrade animal in- 
telligence. But more recent studies, begun 
in 1938 at Marineland, Florida, and con- 
tinuing there and in other centers all over 
the world, indicate that dolphins may in- 
deed have a very high intelligence level. 

It is well known that dolphins can learn 
many complicated tricks from their keep- 
ers. But what reveals dolphin intelligence 
more clearly is the games they invent for 
themselves and then “teach” to humans. A 
game of “catch” with an inner tube was 
invented by some dolphins in an aquarium, 
but it took a human onlooker whom they 
were trying to interest in the game some lit- 
tle time before he understood that he was 
Supposed to return the inner tube that was 


being repeatedly tossed at him by the play- 
ful dolphins. 


+e dolphin’s brain is large (larger than 
the in of man) and has many convolu- 


tior folds, that increase its surface 
ares. where brain cells are found. The abili- 
ty to isarn and invent games, together with 
the stricture of the dolphin’s brain, strong- 
ly indicates intelligence. But perhaps the 
cle odication is given by the “dolphin 
langu “ Language involves the under- 
stand: +9, of symbols and their repeated use 
to ex ress a particular idea and communi- 
cate ‘o other members of the species. 
Wora: are the symbols of our language. Are 
the : is of the dolphin the symbols of a 
dol; inguage? 
A DO! FHIN LANGUAGE 

iphins make many different kinds of 
sounds, or vocalizations, sometimes re- 
ferred to as “beeps,” “whistles,” and 
“clic s,” Some of these sounds are within 
the range of human hearing, and others are 
outsics of that range. We have already de- 
scril he dolphin’s use of its own sounds 
in the process known as echolocation. But 
muci: esearch is aimed at finding out if and 
how dolphins use these sounds to commu- 
nicate with one another. Scientists are quite 
sure (hat some calls are attempts to keep 


ool together, and perhaps to warn of 


A recent experiment done with sperm 
whales, who are close relatives of the dol- 
phins, may shed some light on the vocaliza- 
tions of dolphins. Some researchers work- 
ing in the Pacific Ocean managed to sepa- 
rate a sperm whale calf from its mother. 
Before reuniting the two, the researchers 
recorded the pitiful wails of the young 
whale, presumably crying for its mother 
and its herd. The calf also emitted regular 
high-pitched “beeps” that sounded nothing 
like its other cries. The two kinds of sounds 
seemed to be produced by different organs 
of the body and to be sent for different pur- 
poses. The exact purpose of the “beeps” 
remains to be learned. 

John C. Lilly, a neuroresearcher, has 
been working for some years to discover 
the secrets of the dolphins’ sounds. He re- 
ports that he has also succeeded in getting 
dolphins to imitate some English words, 
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Dolphins seem to enjoy learning tricks. This white- 
sided dolphin leaps on command. 


though the dolphins sometimes “speak” too 
fast to be understood by the human ear. 
Although Lilly has not as yet proved that 
dolphins can produce two-word sentences 
on their own, which is the basis of a 
thought-carrying language, he has high 
hopes of learning more about dolphin 
communication in the future. 


DOLPHINS LIKE COMPANY 


Dolphins appear to be highly emotion- 
al animals and can form deep bonds of 
affection both with other dolphins and with 
humans. Moreover, when dolphins are 
forced to be alone, they suffer. When dol- 
phins were first kept in captivity, a single 
dolphin would usually be kept in a tank by 
itself. The dolphin, isolated from its fel- 
lows, and without any meaningful human 
contact, would pine away and die. Experts 
studying this phenomenon learned that the 
lonely and bored dolphin would refuse to 
eat, thus committing dolphin suicide. Now 
if a dolphin must be kept alone, long daily 
visits from a human being are scheduled, 
which include games and other joint ac- 
tivities. 

Dolphins are among the most play- 
ful creatures in the world, and it appears to 
be this natural, boisterous contact with 
other creatures that keeps them both alert 
and alive. 

SOME KINDS OF DOLPHINS 

There are many species of dolphin. We 

have chosen just a few of the most typi- 


cal, most common, and most interesting 
to describe in detail. 
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The common dolphin (Delphinus del- 
phis), also called the crisscross, the white- 
belly, and the saddleback, frequents all the 
world’s temperate oceans. It is the dolphin 
most often seen cavorting around ships in 
mid-ocean and is certainly the dolphin that 
was so well known to the ancients. It is less 
than 2 meters long on the average, but can 
reach 2.5 meters. The skin has beautiful 
markings. The back is black or dark brown, 
and the belly white. On each side there are 
wide bands of yellow, gray, and white. 
There is also a distinctive black marking 
around each eye and across the “bridge” of 
the beak. The beak is somewhat narrower 
than that of the bottle-nosed dolphin. 

The bottle-nosed dolphin (Tursiops 
truncatus) is the most common dolphin in 
the seas off eastern North America. It is 
this dolphin that is usually seen in East 
Coast aquariums and which has been so 
carefully studied at Marineland, Florida. 

This dolphin averages 2.5 meters in 
length, but can reach 3.5 meters. The back 
is usually a darkish gray and the belly 
white. It has a short but distinct beak. 

Risso’s dolphin (Grampus griseus) isa 
large dolphin, reaching anywhere from 3.5 
to 4 meters in length. Its beak is not at all 
pronounced. Its skin, which is often bluish- 
white tinged with purple and yellow, is 
marked by irregular scratchlike lines. 

A Risso’s dolphin named Pelorus Jack 
used to escort ships across Cook Strait, 
New Zealand, between the cities of Wel- 
lington and Nelson. He kept up his escort 
services for 24 years, from 1888 to 1912. 
Pelorus Jack became a legend, and some 
people considered his presence a gift from 
God, guaranteeing safe passage. This belief 


was so strongly held that a steward serving 
ona ship avoided by Pelorus Jack asked for 
transfer to another vessel. As it turned out, 
the steward acted wisely, for the shunned 
ship later sank, with a loss of 75 live 


The common porpoise (P ena 
phocoena) is also called the hart por- 
poise because it lives in coastal water. and 
often enters harbors and rivers the 
United States, it is found only along parts 
of the Pacific coast. This animal is ally 
about 1.5 meters long. It is usual! ick 
above and white on the underside, though it 
may be all black. It has a rounded snout 
typical of porpoises rather than a beak. The 
common porpoises used to be eaten by 
Europeans as a delicacy. 

The Dall porpoise (Phocoeno dal- 
li) is a near-shore species found off Japan, 
Alaska, western Canada, and the western 
United States. It is larger than the common 
porpoise, often reaching a length of ? me- 
ters. It is jet black except for striking white 
markings on the sides, extending upward 


from the white belly. 

The Amazonian dolphin (Inia geofren- 
sis), or boutu, is one of the river dolphins. 
River dolphins inhabit fresh water and are 
far less streamlined than the true dolphins. 
They have long beaks with ferocious-look- 
ing teeth. Their eyes are tiny and their eye- 
sight is very poor. They live by digging into 
the river mud for fishes and crabs, and can 
move in shallow water. 

The Amazon dolphin is usually dark 
when young, getting lighter to a grayish- 
white, sometimes pinkish, color with age. 
This dolphin grows to a length of 2 meters. 
The river dolphins are thought to be a more 
primitive form than the saltwater dolphins. 
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The Amazonian dolphin lives 

in muddy river waters. River 

dolphins have very long 
| beaks and small eyes. 
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The manatee inhabits warm-coastal water, feeding on seaweed and fresh-water plants. 


SEA COWS 


Several times, in the long history of the 


mammals, species that once lived entirely 
on land have changed their habits and taken 
to the water. Some of them—including the 
sea cows —have become completely adapt- 
ed to life in the water. Even though as 
mammals they must come to the surface to 
breathe, they spend all their lives in the 


water, and if they become stranded on land 
they die. 


COUSINS OF THE ELEPHANT 


There are two families of sea cows— 
manatees and dugongs—making up the 
order Sirenia. Sea cows are probably de- 
scended from a land-dwelling, vegetation- 
eating mammal that was also the ancestor 
of the elephants. We do not know what this 
ancestral animal looked like. Nor have any 
fossils been found that would reveal the 
Stages by which the later ancestors of the 
Sirenia progressed from the land to the 
rivers and seas. But we do know that by 
50,000,000 years ago there were Sirenia- 
like creatures. 

In the sea cows we can see the special 
physical traits that slowly evolved to make 
life in the water possible for a former land 


animal. They developed massive but taper- 
ing bodies, which enable them to move 
through the water with relative ease. Their 
forelegs have become well-developed flip- 
pers used for steering. All traces of external 
hind legs have been lost. The hind end now 
terminates in a horizontally flattened tail, 
the up-and-down movement of which fur- 
nishes thrust in swimming. The tail of the 
manatee is rounded, whereas that of the 
dugong is crescent-shaped. In spite of these 
fishlike characteristics, however, sea cows 
are true mammals and have certain charac- 
teristics typical of mammals. They breathe 
with lungs, for example, bear live offspring, 
and suckle their young. 


CHARACTERISTICS OF MODERN SEA 
cows 


The order Sirenia takes its name from 
the siren, or mermaid, of medieval legend, a 
creature then identified as having a wom- 
an’s upper body and a fish’s tail. Some peo- 
ple, however, believe that the legend of the 
siren may have been based on the appear- 
ance of the sirenians. From a distance the 
sirenians have a somewhat human look, for 
they sometimes stand erect in the water, 
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supported by their tails. Moreover, their 
heads may be draped with loosened vegeta- 
tion that resembles long hair. And the fe- 
males suckle their young in an almost hu- 
man fashion, holding the baby up to the 
breast in a crook of the front flipper. (In 
classical Greek legend a siren was a crea- 
ture with a woman’s head and a birdlike 
body, but later legends identified sirens 
with mermaids.) 

The head of a sea cow has heavy, bris- 
tly jowls with nostrils set at the top of a tri- 
angular-shaped muzzle. The nostrils are 
fitted with valves that can be closed in or- 
der to keep out water when the animal 
dives below the surface. The animals may 
remain under water for some time—as 
much as sixteen minutes in the case of 
the manatee. 

Both the dugong and the manatee have 
tough, leathery skin. The brain is small. 
The eyes are tiny, and there are no external 
ears. The sense of smell is limited. 

Sirenians feed on vegetation along 
ocean coasts or in rivers. Young dugongs 
and manatees are born in the water. They 
are nursed at the mother’s teats, located 
high on her chest. 


MANATEES. 


There are three species of manatee. 
The northern, or American, manatee 
(Trichechus manatus) is found along the 
Atlantic coast of the Americas southward 
from Florida, around the Caribbean, to the 
mouths of the Amazon and Orinoco rivers 
in northeastern South America. This slow- 
moving, friendly creature has been slaugh- 
tered almost to the point of extinction, For- 
tunately, efforts have been made to protect 
manatees in Florida. 

The Brazilian, or Amazonian, manatee 
(T. inunguis) is found only in fresh water, 
on the upper courses of the Amazon and 
Orinoco river systems. The third Species, 
the West African manatee (T. senegalen- 
sis), lives along the coast of West Africa, in 
the major rivers of that area, and as far in- 
land as Lake Chad. 

Manatees are usually between 2.5 and 
4 meters long. Most of them are able to live 
equally well in fresh, brackish, or salt wa- 
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ter. They travel in small bands and remain 
near shore, feeding on various iatic 
plants. The upper lip of the manatee = split 
down the middle, and the two halves. which 


are strongly muscled, work agains! each 
other in cropping plants. The front © »pers 
are used to stuff the vegetable mater «/ into 
the mouth. The food is then chewed yly. 
Adult manatees lack front teeth | ave 
molar teeth that are continually ced 
from the back end of each tooth row 

A single young manatee is born -iter a 
gestation period of about one yea: The 
young are born in the water, but inedi- 
ately after birth the mother carries ttle 
animal on her back, completely ou the 
water, for some 45 minutes. Then ra 
two-hour period, she submerges it 
DUGONGS 

The dugong (Dugong dugon) iv bits 
the waters along the coasts of the indian 
Ocean, from central East Africa to | ne- 
sia and northern Australia. Dugongs were 
once found in large herds, but they have 
been ruthlessly hunted for their me»! and 
fat and are now greatly reduced in numbers. 

The dugong grows to between 2.5 and 
3 meters long. Unlike the manatee, it is 
almost strictly ocean dwelling and does not 
swim very far up rivers. Dugongs are slug- 


gish animals, drifting with the tide back and 
forth in shallow waters where they feed. A 
dugong crops seaweeds and other aquatic 
vegetation by wrapping its whole extended 
upper lip around the material, pressing it 
against the lower lip, and pulling it away. 
Dugongs also differ from manatees in that 
they apparently do not use their flippers in 
feeding. They have a few peglike crushing 
teeth and a horny pad in the lower jaw for 
chewing. The males have a pair of upper 
tusks formed from the incisor teeth. 

An unusual dugong, the Steller’s sea 
cow (Hydrodamalis stelleri), once lived in 
the Bering Sea between Russia and Alaska. 
It was discovered in the eighteenth century 
and was hunted to extinction in just 27 
years. The Steller’s sea cow was enormous, 
reaching a length of 9 meters and often 
weighing as much as 3.5 tons. It was the 
only modern sirenian found in cooler seas. 
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The dog family includes both wild species, such as these South American maned wolves, 
and domestic pets. The maned wolf is not a wolf, but a fox. 


THE DOG FAMILY 


When we speak of dogs, we generally 
think of domesticated dogs, numbering 
over one hundred different breeds. These 
breeds range in size from the big New- 
foundland, with its shaggy coat, to the 
small, hairless chihuahua. In this article, 
however, we shall use the phrase “dog 
family” in the sense of animals belonging 
to the family Canidae. In this group we find 
not only domesticated dogs but also wild 
dogs, wolves, foxes, and jackals. 


FAMILY HISTORY 


The dog family has had a long and in- 
teresting history. One of the earliest di- 
rect ancestors of the group was the small 
animal known as Cynodictis, which lived 
about 35,000,000 years ago. It had a long, 
flexible body and a long tail. Its legs were 
rather short and the claws on its short, 
spreading feet were probably retractile, or 
capable of being drawn back. Cynodictis 
was in all likelihood a tree dweller. Cyn- 


odictis had a larger brain, in proportion to 
its size, than other primitive carnivores. 
From Cynodictis and animals similar to it 
have descended the modern members of 
the dog family. 

The early dogs gradually departed 
from the tree-dwelling habits of their fore- 
bears and took up their abode in open 
plains country, where they hunted in packs. 
They had to be fast in order to capture 
other plains animals. Hence, in time their 
legs were lengthened, and they developed 
endurance for running great distances. The 
thumb of each forefoot and the big toe of 
each hind foot were greatly diminished in 
size. The claws became blunt and could no 
longer be drawn back. 

Like cats, dogs possessed shearing 
teeth, or carnassials, for slicing through 
tough fibers in the flesh of their prey. But, 
unlike cats, the members of the dog family 
retained certain molar teeth for chewing 
hard foods. Because of these grinding teeth, 
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A red wolf: many species of wolves are threatened 
with extinction, in spite of their adaptability, 


the members of the modern dog family have 
a much more varied diet than do cats. The 
European red fox, for example, adds Snails, 
insects, and berries to its usual diet of small 
rodents. 

There were several different lines of 
dog evolution. One line led to the now-ex- 
tinct hyenalike dogs that once roamed over 
the plains of North America. Another 
branch terminated in large bearlike dogs, 
which also have become extinct. The 
wolves, jackals, foxes, and domesticated 
dogs formed still another group —the mod- 
ern dog family—which is now distributed 
throughout the world. The Cape hunting 
dog of Africa, the dhole of India, the Malay 
wild dog, the Siberian wild dog, and the 
Brazilian bush dog are other representa- 
tives of the family. 


DOMESTICATION 


_ The dog family has given mankind an 
Important animal ally and companion — the 
domesticated dog. This “friend” of man has 
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been taught to track game, draw sles, and 
guard. 


According to a commonly accepted 
theory concerning the development of 
domestic dogs, these useful anima were 
probably descended principally rom 
wolves, with various other wild lines 
contributing to the strain. 

The first wolves that became esti- 
cated were the best animal friends man 
could have had for the protection of his 
flocks and family from the rest cf the 
wolves. If domesticated wolves cked 
wild wolves, it was perhaps beca: iost 
animals acquire what may be ca the 
proprietorial sense. When they have taken 
up their quarters somewhere, they ‘esent 
intrusion. This sense of proprietorship is as 
strongly developed in the dog as in ary oth- 
er animal. The dog will often fig! ura- 
geously in defense of its master’s hi an 
instinct that finds its counterpart the 
wolf's resentment of intrusion on its den 

The wolf that early man had ‘rained 
from the time it was a puppy would proba- 
bly attack other wolves that it might meet 
near the home of its master. To be sure, 
sooner or later the trained wolf might desert 


and rejoin its friends of the forest. But its 
cubs, born in the master’s house, would be 
more likely to remain faithful and to be- 
come trusted guardians. 


WOLVES 


At one time wolves abounded in many 
countries where they are now scarce or 
unknown. They were not exterminated in 
England until the sixteenth century. They 
continued to dwell in Ireland and Scotland 
until the eighteenth century. In the United 
States wolves are quite rare east of the 
Mississippi but still flourish in considerable 
numbers in the wilder regions of the west- 
ern United States south to Mexico. They 
are also found in the northern and western 
Canadian forests and in Newfoundland and 
the Hudson Bay region. Wolves are not 
found in South America or Africa. 

The true wolf, Canis lupus, occurs 
Over almost all of Europe except for the 
thickly populated areas, It is found in large 
numbers in the Soviet Union and in Scandi- 


The gray, or timber, wolf 

ranges from northern 

Mexic o the Arctic. A 

very close relative is also 

foun n Europe and 

norte Sia. 

navia. In Asia it is distributed widely to the 
borders of India and the plains of China. 
The F representatives of the wolf tribe 
in } are, however, two smaller ani- 
mals —the woolly wolf of the Himalayas in 
Kas! and the Indian wolf of peninsular 
India. The brown-colored Indian wolf, 


{wells on the plains, seldom hunts in 
CKS. 


e wolves of North America include 


the gray, or timber, wolf, the black wolf of 
Florida, the red wolf of Texas, the dusky 
wolf of the central plains, and the coyote. 
In the Arctic regions we find the arctic 


wolf, which is nearly pure white, with a tail 
that is tipped with black. 

The gray wolf, or timber wolf, of North 
America is much the same animal as that of 
Europe and northern Asia. Zoologists be- 
lieve it to be a single, wide-ranging, adapt- 
able, and variable species. A full-grown 
specimen measures 150 centimeters from 
the muzzle to the end of the tail, which is it- 
self about 40 centimeters long. The height 
at the shoulders is about 70 centimeters; 
the weight is something like 70 kilograms. 
These are the measurements of a large 
male, the female being considerably small- 
er. The normal color seems to be a yellow- 
ish white. The underfur is gray. Many of 
the hairs are tipped with black. The animal 
has brown markings on the ears and about 
the face. The coat is quite variable, howev- 
er, in color. It may be blackish in southern 
specimens. 

The gray wolf once ranged throughout 
the whole continent. Civilization has driven 
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it to the northern and western regions. It 
abounds on the plains, in the Rocky Moun- 
tains and western coast ranges, and 
throughout the forests of northern Canada. 

The wolves of both Europe and North 
America frequent open country and forests. 
They make their lair in rocky caverns or in 
the decayed trunk of a fallen tree. Occa- 
sionally they make burrows in the ground 
or enlarge those begun by other animals. 
When the wolf lives near settled areas, it 
may attack flocks of sheep to obtain food. 
Wolves rarely attack humans. This occurs 
only when they are ravenously hungry or 
protecting wolf cubs. Generally, wolves are 
shy and avoid contact with people. There 
have been authentic cases of travelers 
being attacked by wolves, but a good many 
of the stories that have been told have been 
highly exaggerated. 

Every year the wolf’s chances for sur- 
vival in a hostile world become more pre- 
carious. Wolves have successfully resisted 
extermination thus far partly because they 
can exist on a highly varied diet and partly 
because they have a high birthrate. The 
female wolf gives birth to six to ten cubs at 
a time and raises them all carefully so that 
many survive. Wolves also survive because 
of their tightly knit social organization. 
They frequently hunt in packs led by their 
dominant members. 

However, in spite of their highly adapt- 
able way of life, some species of wolves are 
now seriously endangered. In the United 
States and some other countries, the killing 
of certain species is forbidden by law. 
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COYOTES 


The coyote is a smaller sort of wolf. It 
is the New World version of the jackals and 
other wild dogs of semitropical parts of the 
Old World. Though it is often referred to as 
the “red wolf,” the coyote shows the same 
gray tone as the gray wolf and has the 
same darker varieties. The real distinction 
is that of size. The coyote, or prairie wolf, 
is much smaller than the gray wolf. The 
length of a large male is rarely more than 
120 centimeters, of which some 35 centi- 
meters represents the tail. The weight av- 
erages about 13 kilograms for the male and 
11 kilograms for the female. Coyotes vary 
greatly. Some taxonomists have established 
a dozen or more species and subspecies in 
North America. 

These small wolves are restricted to 
the open regions of western North Amer- 
ica, where they live in burrows and feed 
on mice, gophers, rabbits, and the like. 

Coyotes are pests to sheep herders 
and poultry raisers, and there have been 
widespread campaigns for many years to 
reduce their numbers. Such campaigns are 
not really justified. Coyote raids on live- 
stock can be controlled by wire fencing, 
which coyotes avoid. It should also be 
remembered that the coyote helps control 
vegetation-destroying rabbits. 
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The coyote, a smaller version of 
the gray wolf, hunts alone or in 
packs. Coyotes are becoming 
scarcer, in part because of 
campaigns against them by 
ranchers. 
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Coyote numbers have decreased con- 
siderably, and some authorities believe that 
the animal may be in some danger of ex- 
tinction in the near future. This possibility 
is increased by the fact that the coyote’s 
natural prey —the prairie dog—is becoming 
increasingly scarce. 


JACKALS 


In Africa, the wolves are replaced by 
jackals. The Abyssinian wolf, red jackal, 
or cuberow, is a wolflike animal but slight- 
ly smaller and rather long-legged. It is 
bright reddish-brown with white under- 
parts, and the bushy, 30 centimeter-long 
tail is tipped with black. The Egyptian, or 
wolflike, jackal is another large canine 
similar to the wolf. Its home is northern 
Africa, where it hunts small antelopes, 
mice, hares, and ground birds. It also raids 
livestock. The animal is buffy-brown or 
pale reddish in color. 

Jackals are generally small, and richly 
colored. They have bushy tails. They are 
graceful animals, fortified with great en- 
durance that allows them to travel quite 
rapidly over long distances, Their highest 
running speed is something like 55 kilo- 
meters per hour. They are, for the most 
part, confined to Africa, but the Oriental, 
or common, jackal inhabits not only north- 


re usually small, grace- 
hly colored, like this 
od jackal. They are 
rs, with a keen sense 

and great endur- 


eastern Africa but also southeastern Eu- 
rope, ranging eastward to India, Sri Lanka, 
and Burma. 

jackals eat all types of foods—in fact, 
almost anything at hand. They have a keen 
sense of smell for nosing out all sorts of 
refuse, and they serve as scavengers in and 
about villages and towns. Jackals hunt in 
packs, mainly on the plains, bringing down 
antelopes, sheep, and goats. Solitary hunt- 
ers will forage for mice and other small 
mammals. Vegetable food also makes up 
part of their diet. It is a known fact that 
jackals follow lions, leopards, and tigers 
and eat what remains after these mighty 
hunters have had their fill. Lions, at least, 
apparently do not resent the company of 
jackals, as long as these wild dogs refrain 
from seeking a share of the meal until the 
lions have finished eating. 

The common jackal is small, standing 
about 40 centimeters at the shoulder. It is 
a pale reddish or yellowish color with dirty- 
white underparts. Like other jackals, it 
hides by day and begins to roam about at 
dusk and on through the night. Packs of 
these animals enter villages where they do 
Scavenger service but also make general 
nuisances of themselves by thieving food 
from unguarded shops and homes. A fe- 
male common jackal has a gestation peri- 
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od, or period of carrying her young in the 
womb, of around nine weeks. There are 
from five to eight young in each litter. 

The side-striped jackal is similar to 
the common jackal in color but wears a 
slanting, light-colored stripe on each side 
between the ribs and the hip. Its muzzle is 
more pointed, and its tail is usually tipped 
with white. The jackal occurs from the 
Republic of South Africa to Ethiopia, Mo- 
rocco, and Senegal. The handsome black- 
backed jackal of west Africa is a reddish 
animal with a yellowish-white belly. The 
back is black, spotted with white or gray. 
The legs of this jackal are somewhat short 
compared to those of the common and side- 
striped species. All of these jackals possess 
a gland at the base of the tail, which dis- 
charges an offensive-smelling secretion. 


DINGOES 


Australia’s native dog is the dingo, or 
warrigal, a medium-sized, reddish-yellow 
animal. It is the only large wild mammal 
that is not a marsupial, or pouch-bearer, 
in Australia. In more populated areas 
where dingoes readily cross with domestic 
dogs, a pure-bred dingo is seldom seen. 
Small packs of wild dingoes, pairs, or even 
lone individuals hunt in the forests and 
open plains. Dingoes find lairs in crevices 
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among rocky outcrops, in ground burrows, 
or in hollow logs. From five to eight pups 
are borne by the female at one time. 

We are not entirely certain about the 
manner in which this animal came to be an 
inhabitant of Australia, where the other 
mammals are so different. It was first main- 
tained that the dingo was a recent importa- 
tion. This theory was apparently upset 
when fossil remains of the animal were 
found in Australia, together with the fos- 
sils of marsupials, in Pleistocene deposits 
going back about a million years. Did this 
discovery indicate that the dingo evolved 
independently, together with marsupials 
and the other unusual animals of the island 
continent? Modern biologists are inclined 
to believe that the dingo was an importation 
after all. It was probably introduced to 
Australia by prehistoric man. 

When settlers came to Australia, the 
dingo did not represent much of a problem. 
However, the introduction of the rabbit 
changed the situation. Rabbits increased 
and multiplied, and so did dingoes, which 
preyed upon the rabbits and therefore were 
assured a staple food supply. Unfortunate- 
ly, the dingo also turned its attention to 
sheep and poultry and became a menace to 
the stock raiser and farmer. 
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The native Australians hunt the dingo 
for food. Often, too, they seek out the 
young dingoes in their lairs, and they bring 
up these wild dogs as domestic anim 
DHOLES 

Among the most remarkable hunters of 
the dog family is the dhole, the wild dog of 
India. This animal has a distinctive red 
Coat. It weighs about 20 kilograms and has 
an over-all body length (including the tail) 


of almost 120 centimeters. In India, dholes 
are found in wooded areas. Where there 
are no forests, as in Tibet, the animals dwell 
in the open country. S 
Dholes hunt in packs. Possessed of a 
keen sense of smell, they can track a quarry 
by scent until they are close enough to keep 
it in view. One of the dholes acts as a sort 
of “master of the hunt”. It keeps in the lead 
and prevents the pack from scattering by 
emitting a series of sharp yelps. When the 
quarry, say a deer, is at bay, the dholes cir- 
cle it and soon overpower it. Deer are the 
favorite prey of these animals. Dholes also 
attack wild pigs, goats, and even such ani- 
mals as bears, leopards, and fully grown 
buffaloes. Popular belief in India has it that 
dholes sometimes hunt tigers. There is no 
conclusive evidence for this, but tigers and 


Th fox, found 
in 2, the United 
State ad Mexico, is 
no and preys on 
rabt ] mice 
dhi icks may sometimes fight over the 
pos ion of a slain deer or goat. 

in the breeding season, the packs are 
diss« d for a time. The female dhole has 
from four to six pups, after a gestation peri- 
od of about nine weeks. When the young 
are weaned, they are fed with partly di- 
gested food that the mother has regurgi- 
tated, or cast up from its stomach. 


CAPE HUNTING DOGS 


Fhe African, or Cape, hunting dog 
(genus Lycaon) also hunts in packs. It is a 
Strong animal, with a big head, powerful 
jaws, and long legs. Its overall length is 
approximately 120 centimeters. The large, 
oval ears are rather like those of the hyena. 
For this reason, the animal is sometimes 
known as the “hyena dog.” The basic 
color of the coat is generally tortoise-shell, 
mottled with yellow, black, and white 
patches. Occasionally one comes upon 
black specimens of this striking animal. 

_ Cape hunting dogs hunt in packs num- 
bering from twenty to sixty. They prey on 
antelope, hartebeest, and other animals 
dwelling in the brush country south of the 
Sahara. The dogs are always on the move 
and travel great distances. They communi- 
cate with one another by musical calls. 


Leonard Lee Rue III/Bruce Coleman Inc. 


When surprised, the Cape hunting dog 
barks angrily. At night, it sometimes 
makes chattering sounds. 

Although Cape hunting dogs can swim 
very well, they will not cross deep water, 
possibly because of the danger of lurking 
crocodiles. It is said that antelopes some- 
times make good their escape from a pur- 
suing pack by jumping into the water of 
broad rivers or ponds. 

In the breeding season, the dogs gen- 
erally take over aardvark dens, which they 
clean and enlarge. The gestation period is 
about two months. There are from two to 
six pups in a litter. As in the case of the 
dholes, young Cape hunting dogs are fed 
regurgitated food when weaned, and take 
part in the hunt at an unusually early age. 


FOXES 


The fox has long had a reputation for 
cunning and boldness. It is skillful in elud- 
ing its enemies and in tracking down its 
prey. It has an unusually varied diet. 
Among its victims are hares, rabbits, pheas- 
ants, partridges, rats, mice, moles, and 
lambs. It sometimes varies the diet with 
frogs, beetles, worms, shellfish, and crabs. 

This animal has had a long and pros- 
perous career. It is almost worldwide in 
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The bushy-tailed common red fox (left) is the best known of the foxes; the smallest is the 


fennec (right), which lives in the Sahara. 


distribution. In fact, it is easier to list the 
places where it is not found than those in 
which it lives. There are no foxes in South 
America, Australia, and various islands. 
They are found in great numbers in the 
northern half of the New World, as well 
as in Africa, Asia, and Europe. The fox can 
adapt itself to a wide variety of climates. 
It is an important member of the fauna in 
the desert lands of Asia, in the frozen 
wastes of the arctic, and in the tropics. 

The fox is raised for its fur in the Unit- 
ed States and Canada. In the wild, the ani- 
mal is often trapped, shot, or poisoned. 
Yet it manages to survive because of its 
ability to adapt itself to changing condi- 
tions. As a result, it has acquired a merited 
reputation for cunning. Several species of 
foxes are protected by law in the United 
States. 

The best-known of all the foxes is the 
common red fox, which is to be found 
throughout the Northern Hemisphere. The 
red fox is about as large as a small dog. 
Its fur is rusty red. Its tail, which is tipped 
with white, is long, and bushy. It has a long 
nose. The red fox lives in wooded areas or 
in rolling country. 

The gray fox is grayish in color. It has 
a longer body than the red fox and also a 
longer tail. It is to be found from the Great 
Lakes east to the Atlantic, in the southern 
United States, and in Mexico. Mainly noc- 
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turnal, it preys on rabbits and mice and, 
occasionally, on birds and reptile Some- 
times it eats fruits and berries. 1t often 
climbs up a tree when pursued. 

The arctic fox is particularly remark- 
able for the seasonal change in its coat, 


which is dark brown to slate in the summer 
and white in the winter. One variety, called 
the blue fox, is smoky gray or bluish drab 
throughout the year. The arctic fox is 
found in northern regions in open, treeless 
lands. In the summer it hunts along the 
coasts or in open plains. In winter it often 
seeks its prey out on the ice. The arctic 
fox sometimes follows the polar bear, eat- 
ing the bear’s leftovers. 

Other foxes dwell in widely separated 
areas. Among others, there is the Tibetan 
sand fox with unusually short ears and tail: 
the small Indian fox; Riippel’s fox, found 
in Egypt; the African sand fox, ranging 
from Senegal to the Nile region; and the 
South African silver fox. 

The smallest of the foxes is the fennec. 
which is found in the Sahara. The fennec 
is a graceful little animal about 40 centi- 
meters long, with a tail measuring 20 centi- 
meters. Its large, erect ears give it an alert 
appearance. It burrows into the sand and 
can dig so rapidly that it can escape most 
of its pursuers, It is nocturnal in its habits. 
It spends the day curled up in its burrow. 
At night it comes out for water and food. 


The N verican grizzly bear 


is reatened species. It 
usé inge from the Pacific 
Oce the badlands of 
Da d north through 
Alaska 
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BEARS, RACCOONS, 
AND PANDAS 


bears, which include the largest 


modera land-dwelling carnivores, or flesh 
eaters, have several smaller relatives. At 
first ince, the huge, lumbering grizzly 
bear , would seem to have little in 
common with the small, tree-dwelling rac- 


coor t a brief survey of the evolution of 
the carnivores will show conclusively that 
these two animals are really cousins. 


EVOLUTION 


k Many of the earliest mammals were 
insect eaters. Some of these forms merely 
needed to increase their size and modify 
their teeth a bit to become true carnivores. 
Consequently, as the hoofed, vegetation- 
eating mammals evolved, there developed a 
group of flesh eaters to prey upon them. 
These carnivores had piercing canine teeth, 
as well as shearing teeth, or carnassials, for 
cutting through tough sinews and cracking 
bone. Since flesh is relatively simple to 
digest and does not need to be vigorously 
chewed, the grinding molar teeth were 


much reduced or were completely lost in 
the course of time. These primitive carni- 
vores, called creodonts, were rather slow- 
moving and dull. However, they seem to 
have had no trouble in coping with their 
equally clumsy and dull prey. 

In time the early hoofed mammals 
were replaced by faster and more intelligent 
beasts. A carnivore that hoped to make a 
meal of these creatures would have to be 
clever enough to stalk them and speedy 
enough to overtake them. Of the creodonts, 
only one line, called the miacids, developed 
these qualities. The earliest miacids were 
about as large as weasels. They were large- 
ly tree dwellers. From the miacids de- 
veloped the two modern groups of land-liv- 
ing carnivores. The civets, hyenas, and cats 
comprised one group; the weasels, dogs, 
raccoons, and bears, the other. 

The dogs retained the use of some of 
their grinding teeth, for they were not so 
restricted to a diet of flesh as were some of 
the other carnivores, such as the cats. The 
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raccoons, giant pandas, and true bears —all 
descendants of primitive members of the 
dog family —departed still further from the 
carnivorous way of life. 

The raccoons and their kin gradually 
abandoned the practice of using certain 
teeth to shear food, but they developed 
excellent grinding teeth. They added to 
their diet of frogs, shellfish, and small 
mammals such food as birds’ eggs, fruits, 
nuts, and corn. The bears supplemented 
their meat diet with grasses, berries, fruits, 
seaweed (in the case of polar bears), and 
roots. The grinding teeth of the bears were 
enlarged for chewing this vegetable matter. 
The shearing function of the carnassial 
teeth was gradually lost. 


BEARS 


The bears, which are found on every 
continent, except Australia, are divided 
into several distinct groups. The black 
bears of the United States and Canada are 
closely related to the great brown bears and 
the grizzlies. The semiaquatic polar bear, 
too, is closely akin to these members of the 
family. The honey bear of India and the 
Malayan sun bear, however, are more dis- 
tantly related, as is the spectacled bear of 
South America. 

All bears have heavy, long fur and 
stubby tails. The skeleton is massive. The 
limbs are strong and are furnished with 
powerful claws for digging and for fighting. 
The bear has a shuffling gait. Its walk is 
plantigrade—that is, the sole of its foot is 
placed upon the ground, leaving a footprint 
much like that of a human. 

Bears are normally slow-moving ani- 
mals, yet they can break into a lumbering 
gallop. The black bear can run at a speed of 
up to 40 kilometers an hour. The big brown 
bear has a peculiar pacing gait. In this, first 
the two legs of one side are raised and 
brought forward together, and then the two 
legs of the opposite side. The brown bear 
will sometimes gallop for about two kilome- 
ters straight up a steep slope without stop- 
ping to rest. 

Usually only young grizzly and black 
bears climb, but older individuals, if not 
prevented by excess weight or large size, 
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occasionally take to a tree. Bears climb by 
literally hugging the trunk or a branch with 
all four limbs and hitching their ' up- 
ward. They carefully back down the same 
way. Bears will swim across swiftly flowing 
rivers and navigate lakes of nearly ten kilo- 
meters in width. Polar bears are ellent 
divers and swimmers. They ha often 
been sighted, in polar waters, mar lome- 
ters away from the nearest land 

Bears live from sea level to high moun- 
tain country, inhabiting swamps, rests, 


tundras, snow fields, and upland meadows. 
Black bears, grizzlies, and brown bears 


confine their wanderings to a fairly restrict- 
ed home range. In this area they forage for 
food, both by day and night, seek mates 
during the breeding season, and spend win- 


ter in some sheltering spot. ; 
These bears make trails thro their 


home ranges—trails that are followed by 
the same individuals for years an’ often 
used by other bears that happen to b= in that 
particular area. Bear trails along salmon 
streams and in heavy forests are lixe any 
game trail that leads through dense vegeta- 
tion. On the tundra, big brown bears often 
establish trails that consist of two parallel 


ruts, like the ruts of a wagon trail, but, of 
course, much closer together. Brown bears 
sometimes walk their range by stepping in 
the same footprints they made in the past. 
The result is a trail formed by a series of 
deep pits laid out in a zigzag pattern 

Bears let their presence be known by 
so-called bear trees. Often such trees stand 
conspicuously beside a bear trail. They are 
marked by smooth places where a bear has 
rubbed itself or by jagged wounds where 
the bear has clawed at the bark. Strands of 
hair adhere to the bark and stick to the sap 
that oozes from the claw marks. Sometimes 
bears strip the bark from trees and scrape 
off the pulp that covers the wood, leaving 
tooth marks where the pulp has been re- 
moved. 

Feeding signs also reveal the presence 
of bears. Ground-squirrel burrows that 
have been dug into and ant hills that have 
been scooped out show where a bear has 
fed and on what it has preyed. Overturned 
and smashed logs and rolled-over rocks are 


signs ‘hat a bear has been searching for ants 
and tles. A patch of uprooted vegetation 
may “ican a bear has dug for roots. Bee 
tree ripped apart for their contents of 
both »oney and bee brood. Since bears 
coy ftover portions of food with debris, 
the c..covery of such a cache signifies that 
abe active in the vicinity. 

od is fairly hard to come by when 
sn »vers the land. Consequently, most 
bears sleep through the winter. They bed 
down in a sheltering cavity among rocks or 
in: low under an upturned log. If need 
be, ə čen is excavated in the side of a hill. 
The “oter’s sleep is not really hibernation, 
for t>- bear sleeps less profoundly than do 
true |) oernators, and its body temperature 
remains close to normal. During this peri- 
od, f- sales give birth to their tiny, undevel- 
oped sibs. Two is the usual number, but 
three or four cubs are not uncommon. 

‘ere is a confusing variety in both 
size od coloring in the bears of North 
Amica. Consequently, naturalists differ 
wide» in their classifications of the dif- 
ferent species. One view holds that there 


are 


y three true species of bears in 
North America: the black bears, the griz- 
zlies and brown bears, and the polar bears. 
According to this view, all of the other vari- 
eties are subspecies. Others describe as 
many as ten different species of North 
American bears. 


POLAR BEARS 


Polar bears frequent ice floes, islands, 
and coastal areas of the arctic regions. 
They are large, magnificent animals, the 
males measuring over two meters in length 
and weighing up to 500 kilograms. Females 
are somewhat smaller. Polar bears are all 
white or yellowish white, except for their 
black eyes, nose pads, and foot pads. The 
polar bear is slender with a long neck and 
a small, tapering head. Its streamlined shape 
enables the animal to knife through the 
water most gracefully. It uses its front legs 
for swimming, while the hind limbs trail 
behind to function as a rudder. Oil glands in 
the skin oil the fur effectively so that it 
sheds water and keeps the body dry. A fat- 
ty layer below the skin protects against the 
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Many polar bears migrate with the ice drift in a 
westward direction around the North Pole. 


cold, and the thick fur holds little air spaces 
that keep heat loss from the body to a mini- 
mum. The polar bear has broad feet, the 
soles of which are heavily haired to prevent 
slipping as the animal travels over ice. 

Devoted mothers. Unlike other bears, 
only pregnant female polar bears den up 
during the winter. The males and other 
females prowl the sea ice and open water in 
search of prey. 

Throughout the long winter, then, the 
female lies beneath the snow, and there 
brings forth her young. She must have with- 
in her system a sufficient reserve not only 
to support her own life during this long peri- 
od, but to provide milk to her cubs as well. 

These usually number two. They are 
born naked, blind, and helpless, unable 
even to wriggle a few centimeters to their 
mother’s side should they be disturbed. 
Hidden in the close confinement of their 
snowy lair, there is not much danger of their 
being lost, however. 
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The lair, dug by the female polar bear 
before she has her cubs, is a trim burrow in 
the ice or packed snow. One of these dens, 
which was found dug at the foot of an ice- 
berg, tunneled downward through the ice 
for a short distance at an angle of something 
like forty-five degrees. Then it angled up- 
ward for a certain space and finally termi- 
nated in an oval chamber. Lairs such as this 
one are temporary shelters, however, for 
the mother and her cubs abandon them by 
late February or March. 

The female polar bear has proven to be 
one of the most devoted of mammal moth- 
ers. She stands over her little cubs to shield 
them from fierce blasts of icy winds. She 
helps them cross open stretches of water 
between ice masses by towing them as they 
hang on to her body. Sometimes she carries 
them on her back. There are many travel- 
ers’ tales telling of the heroism displayed by 
mother polar bears in defense of their 
young against human enemies. Though 
mortally wounded, the mother bear will 
stay by her cubs and protect them to the 
last. If they are wounded, she will lick 
their wounds and try to urge them away or 
guard them from further harm. 

Skillful hunters. This bear shows great 
skill in stalking its prey. When it sees a seal 
basking on an ice floe close to the water’s 
edge, the bear paddles in the water, care- 
fully approaching the quarry. Only the 
bear’s head appears above the surface, and 
it resembles a bit of floating ice. If the seal 
rears up to look about, the hunter remains 
motionless, drifting. Finally the bear is near 
enough. It quietly sinks below the surface, 
swims under water the remaining distance, 
and comes up in a thunderous thrust to 
knock down the prey with a heavy blow of 
the paw. The bear uses similar tactics to 
capture eider ducks and scoters that are 
resting on the surface of the Arctic waters. 
With only its eyes and nose visible, the bear 
swims quietly among a flock of these birds, 
When a bird dives in alarm, the polar bear 
quickly overtakes it under the water. 

_ Sometimes the polar bear waits pa- 
tiently at a hole in the ice. When a seal 
pokes its head up through the hole to 
breathe, the hunter quickly makes the kill. 
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Water animals are not its only prey. It often 
tracks down caribou and the Arctic fox. It 
generally refrains from attacking big male 
walruses when they are in the r. These 
animals would be dangerous foes. The po- 
lar bear often feasts on the tying re- 
mains of a beached whale, sha the car- 
cass with other polar bears an en with 
foxes. 

Polar bears usually hunt ; +, though 
the females are accompanic y their 
young. From May to July is th ting sea- 
son, when the adult male and female travel 
together. Polar bears have no natural ene- 
mies. Unfortunately, many have been killed 
by people. Polar bears have been known to 
live to be thirty-four years of ay 
BROWN BEARS AND GRIZZLI¢ 

The brown bears have an extensive 
range over the mountainous and forested 
areas of the Northern Hemisphere. Conse- 
quently, there are many local races of these 
bears, which differ from one another in 
color and minor characteristics. There are 
brown bears in the Pyrenees, the eastern 


Italian Alps, the Balkan Peninsula, north- 
ern Scandinavia, and Finland. They also 
occur in northern and central Asia 

The Syrian bear is a light-colored 
brown bear of the mountains from Turkey 
to Iran. The isabelline bear is native to the 
Himalayas, A darker race lives on Hokkaido 
Island, Japan, and on the Kuriles and Sak- 
halin Island in the Sea of Okhotsk. In the 
northern parts of North America, Europe, 
and Asia, there are a number of brown 
bears of great size. Many of them are local 
Subraces, each occurring in only a very 
small range. They may even be restricted to 
a single island. f 

The brown bears of North America 
inhabit the coastal regions of Alaska and 
adjacent islands, frequenting especially 
those rivers running with salmon.The 
famous Kadiak, or Kodiak, bears are 
found only on Kadiak, or Kodiak, Island off 
Alaska. These giant beasts may reach a 
length of three meters and weigh more than 
nearly 700 kilograms. They are the largest 
land-living carnivores in existence. They eat 
both vegetation and animal food. 


other interesting local race is the 


Kamctstka bear of northeastern Asia. This 
Asia» giant lives entirely on salmon that it 
catc! hile wading in a river. It does not 
knocx (Ñe fish out of the water with its paw, 
as many people believe. Actually the ani- 
mal sovars its prey on its claws and then 
leave eè river to eat the fish on land. It 
will never feed while in the water. 

Sitka bear is a smaller (though still 
ver ge) local race. The Yakutat and 
Kid ; bears on the mainland of Alaska 
are | inimals. All the Alaskan bears are 
repi to be less fierce than the grizzly, 
thou r exceeding the latter in size. 

closely related grizzly bears live in 
the F ies through British Columbia and 
Ala irizzlies and brown bears are large 
anin that often cannot be easily told 
apart. “hey both have humps at their shoul- 
ders >»d their heads are massive, though 
the brown bear’s head is larger. The claws 
of the brown bear are of moderate length 
and cseply curved, while those of the griz- 
zly ave long and straight. Usually the big 
brown bear, which may stand 150 centi- 
meters ot the shoulder, has a uniformly yel- 
lowish io dark brown coat. The grizzly has 
a more frosted appearance, due to the fact 
that ‘ie hairs, especially those on the back, 
are tipped with white. This bear’s shoulder 


height does not often exceed one meter. 

At one time, the grizzly bear was the 
scourge of North America from the bad- 
lands of Dakota to the coast of California. 
As time went on, large numbers of these 
bears were poisoned and hunted down by 
ranchers whose flocks they were raiding. 
As a result, the animal is now quite scarce. 
It usually reaches about two meters in 
length and may weight up to 640 kilograms. 
Although not so large as its northern cous- 
in, this bear is far more savage. The grizzly 
bear is considered by many hunters to be 
the most dangerous of all North American 
wild animals. Its terrible claws are highly 
developed and are wielded by the grizzly 
with great effectiveness. Grizzlies have 
been known to kill full-grown bull bison 
with a single blow on the neck with a paw. 
It is said that these bears can drag away a 
male elk weighing 450 kilograms. 


Hunting in their territory. Though 
brown bears and grizzlies eat many kinds of 
foods, this diet often varies with the season. 
A survey of what grizzlies eat shows that in 
the spring they dig up roots. In June and 
July they feed on reed grass and horsetails 
and, when opportunity arises, on rabbits, 
young caribou, and mountain sheep. In 
August and September they live on berries. 
Ground squirrels are eaten at any time, as 
are the remains of animals left by wolves. 

Usually grizzlies and brown bears re- 
strict their hunting activities to a definite 
territory, or home range. The home range of 
the Alaskan grizzly covers about 170 
square kilometers. The grizzly is said to 
mark the boundaries of its range, as a sign 
to other bears, by making teeth and claw 
marks on trees as high as it can reach. The 
brown bear of the Soviet Union roams over 
an area of 25 to 30 square kilometers. 
Brown bears leave “scent signals” to indi- 
cate their territory by rubbing the back 
against a tree and leaving urine at its base. 

Bears hear well, but they have a better 
nose for detecting game. Since their flesh is 
not particularly good, their only enemy 
seems to be the so-called sportsman who is 
out to get a trophy. These animals usually 
adopt a defensive attitude toward humans. 
A brown bear rarely attacks a man unless 
he blocks its path or molests a female bear 
that is accompanied by its cubs. 

Hibernation. During the winter the 
brown bear hibernates, seeking the shelter 
of a tree or cave. It may scrape a hole be- 
neath a fallen tree or it may enlarge a bur- 
row begun by another animal. When it goes 
to rest, it has a large store of fat on which to 
live during the winter months. Instinct tells 
the animal when it has accumulated enough 
to last it through the winter. If food has 
been scarce during the preceding season, 
the bear may have to delay its winter sleep. 
During hibernation, only the bear’s essen- 
tial life functions remain in operation—res- 
piration and circulation. All others are sus- 
pended. 

In January or February, the female 
bear gives birth to one to four bear cubs. 
The number is generally two. The rat-sized 
cubs are blind at birth and weigh less than 


BEARS, RACCOONS, AND PANDAS 


81 


82 


one kilogram. They first see the light of day 
in April or May when the mother bear 
emerges from her winter home. The mother 
transports each infant by carrying the cub 
with its head held in her mouth. The young 
develop slowly. The cubs remain with the 
mother for the first two years of their lives. 

When the bear emerges from its hiber- 
nation in the spring, it is lean and hungry 
after supporting itself and perhaps several 
cubs on the fat of its own body during the 
winter. It feeds voraciously at this time on 
both vegetation and flesh. It may even raid 
cattle and sheep herds. 


BLACK BEARS 


The American black bear is the small- 
est of North American bears. It grows to a 
length of nearly two meters and stands 
almost one meter at the shoulder. Its claws 
are comparatively short and curved. At one 
time the encroachment of human civiliza- 
tion threatened the existence of this animal 
over much of its territory, but laws for its 
protection and the bear’s own resourceful- 
ness have ensured its survival. A forest and 
swamp dweller, the black bear inhabits 
much of Canada and Alaska, the eastern 
mountains from Maine to Florida, the 

Rockies, and the mountains of the West 
Coast. In the east, the bear usually wears a 
coat of glossy black. In the west, however, 
many black bears are reddish brown and 
are known as cinnamon bears. There is 
even a creamy white variety of black bear, 
called Kermode’s bear, living on Gribbell 
Island, British Columbia, 

An extremely powerful animal for its 
size, this carnivore usually hunts, day or 
night, for the smaller animals such as ro- 
dents, frogs and insects. It also eats berries 
and roots and supplements its diet with an 
odd assortment of foods, including pine 
cones, skunk cabbage, river-clam shells, 
briars, and wasps’ nests! The nests of bees 
and wasps are robbed of honey and the 
young insects. 

Black bears are ordinarily solitary 
animals living in a well-defined home terri- 
tory. Trees with clawed and chewed bark 
indicate that a bear lives in the area. Some- 
times several bears congregate at a feeding 
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ground, such as a berry patch « 
dump. Relations among then 


peaceable, but often fights take pl: 


The sexually mature male 
males associate during the breed 
which lasts approximately one 
June or July. After mating, th: 
their separate ways, the male h: 
ing to do with the raising of the f 
other bears, black bears den u 
caves, hollow trees, or beds of di 
for a prolonged winter sleep. Ir 
ary or February, cubs are bor 
one cub to a female having he 
spring and two or three young, 
female. 

The newborn cubs have a ti 
fine hair and are blind and toot! 
are about 20 centimeters long 


less than one-quarter kilogram. In ! 
April, when the cubs weigh about 
grams, they leave the den with t? 


The giant panda is one of the world’s r 
creatures. Because of its remote habitat 
diet, however, it may be in danger of dy 
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er. She continues to nurse them for some 
time, but they also eat other foods. The 
cubs box and wrestle each other and engage 
in games of hide-and-seek, When in danger, 


they scurry up a tree if they cannot reach 
their mother. The young remain with the 
mother through the following winter. In 
the wilds, black bears probably live from 
twel o fifteen years. The females are 
sexucily mature at three years. They mate 
about once every two years. 

Himalayan black bear is the most 
widespread of three Asian black bears 
which range from the eastern portion of 


Iran through Afghanistan, Tibet, and Thai- 
land isto China and Manchuria. It is also 
found on the islands of Hainan and Taiwan. 
Somewhat smaller than the American 
black bear, it is further distinguished by a 


light-colored, inverted crescent or Y- 
shaped patch on its chest. The hair on the 
neck is long, giving the animal a sort of ruff. 
The bear is a forest creature, living on 
grain, honey, roots, fruits, and grasses. 

The Malayan sun bear, or bruang, is a 
smaller species restricted to the Malay 
peninsula and the islands east to Borneo. It 


has a crescent of white or orange on its 
chest similar to that of the Himalayan black 
bear. The animal is an excellent tree- 
climber. It has flexible lips, which it uses in 
feeding on insects and honey. 

The sloth bear of India is a more spe- 
cialized insectivorous bear. This creature 
differs from the rest of the bear family in 
having two fewer teeth than the normal 
quota, a long snout, and a baggy, hanging 
lower lip. The shaggy beast lives on fruits, 
flowers, honey, and insects. It is particu- 
larly fond of termites, which are its natural 
prey. Its immensely powerful claws enable 
it to tear open the hills of these insects. 
The sloth bear’s extraordinary powers of 
suction then come into play, as it draws 
ants from deep within the nest by a vio- 
lent intake of breath. 

The spectacled bear of the Andes, in 
South America, is a close relative of the sun 
bear. It is a small, black species, found in 
the mountains from Colombia to Chile. The 
name is derived from the whitish, specta- 
clelike rings about the animal's eyes. It is 


the only known bear in South America. The 
one other bear found in the Southern 
Hemisphere is the Malayan sun bear in 
Sumatra and Borneo. 


PANDAS 


When the giant panda was first discov- 
ered in 1869 by the French missionary 
Armand David, it was believed to be a bear 
with abnormal coloring, because it had so 
many bearlike characteristics. [t was classi- 
fied with the bears for a long time, but as 
zoologists came to know more about the 
animal, they realized that it may be 
related to the raccoon. In fact, the giant 
panda has no very close genetic relatives. 

The giant panda reaches a length of 
about two meters and weighs over 90 
kilograms. Like the members of the bear 
family, it has plantigrade feet, strong 
claws, and a short, stumpy tail. However, 
it has two fewer teeth than the ordinary 
bear. In coloring, the panda is white or 
cream-colored, except for areas of black 
around its eyes, ears, legs, and shoulders. 

The panda lives in three remote pro- 
vinces of China, at elevations of 1,800 to 
4,000 meters. Because its feeding grounds 
are so limited, however, and because the 
bamboo shoots on which it feeds almost 
exclusively appear to be dying out, the giant 
panda may also be in danger of extinction. 
About a quarter of the world panda popu- 
lation have already perished. Scientists are 
watching to see if the panda will be able 
to adapt its diet to include other plants or 
even small animals. 

There are about 35 pandas in zoos 
around the world, but efforts to breed 
them in captivity have usually failed. 

The true panda, or lesser panda, as it is 
more commonly known, is a bushy-tailed 
animal about the size of a large cat. Its back 
and head may be brown, red, or chestnut, 
Reddish-brown is the color of its underside, 
legs, feet, and ears. The ears, cheeks, and 
chin are trimmed with white. The face is 
white below the eyes and there are white 
spots above them. On the ground the true 
panda is slow-moving, but it is an excellent 
tree-climber. Like the giant panda, it lives 
mainly on bamboo shoots, but in captivity it 
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will eat bread and milk, eggs, and small 
birds. It hisses like a cat, growls like a bear, 
and laps, at times, like a dog. Generally, 
however, it plunges its muzzle into water 
and drinks by suction, after the manner of a 
bear. The true panda can partially retract 
its claws, like a cat. The animal is a native 
of Asia, but formerly ranged over Europe 
to the British Isles, at a time when this re- 
gion had a subtropical climate and was 
abundantly forested. 


RACCOONS 


The German name for the raccoon is 
Waschbaer, which means “washing bear.” 
It is derived from the fact that this little 
bearlike mammal appears to wash its food 
before eating it. The raccoon is closely 
related to the bear. For one thing, like the 
bear, it has plantigrade feet. Raccoons 
have the same number of teeth as sloth 
bears and pandas. Internally, too, there 
are anatomical similarities among these 
animals. 

The raccoon is particularly noted, per- 
haps, for the way it seems to meticu- 
lously wash its food before eating. Al- 
though not an aquatic animal, the raccoon 
usually lives near water. It uses its nimble 
paws as dexterously as a monkey to probe 
a stream bed for snails and other food, with 
what looks like a scrubbing motion. When 
the raccoon finds its dinner, however, it 
eats it quickly without taking time to clean 
or even rinse it. 

The common raccoon of the United 
States and Canada is about as big as a do- 
mestic cat, but the length of its legs and the 
bushiness of its coat make it appear larger. 
The back is highest over the hindquarters. 
The head is triangular. Patches of black 
over the eyes give the face a “banditlike” 
appearance. 

The raccoon has a varied diet. It is 
fond of frogs, crayfish, oysters, and other 
shellfish. It also eats birds’ eggs, poultry, 
mice, nuts, fruits, and corn. The raccoon’s 
appetite for ears of young corn arouses the 
particular animosity of farmers. 

Raccoon attacks on chicken farms and 
corn fields are particularly bothersome to 
the farmer because these animals are so 
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clever and so destructive. It is particularly 
difficult for the farmer to catch them, be- 
cause they seek their food only at night. In 
the daytime the raccoon sleeps, generally in 
the hollow of a tree. When it attacks chick- 
ens, the animal usually kills far more birds 
than it can possibly eat. Corn-field raids are 
equally destructive, because the raccoon 
not only greedily devours many ears of 
corn but also knocks down a number of 
stalks, 

Raccoons find most of their food on the 
ground, but they generally live in hollows 
in trees because it is so much safer for 
them. They hibernate in these places of ref- 
uge in the colder parts of their range; it is 
in the trees that their young are born. The 
raccoon is quite wary, although it has rela- 
tively few enemies other than man. It is 
adept in climbing trees and often uses this 
way of escape when danger threatens. 
Despite hunting, it is increasing in numbers 
in some areas. 


A common raccoon with bushy coat and banditlike 
black eye patches prepares to feed on a fish it 
has caught. 


leonard Lee Rue Iil, Audubon/PR 


The mink is a large version of the true weasel. Minks live on the ground, making 


dens in hollow stumps, crevices, or burrows. 


THE WEASEL FAMILY 


The members of the weasel family in- 
clude not only weasels but also martens, 
wolverines, minks, skunks, and other ani- 
mals. For the most part they are slim and 
lithe carnivores, noted for their courage and 
their strength. Most of these animals dwell 
in the north temperate zone, but represen- 
tatives of the group are sometimes found in 
other regions. 

The weasels are believed to have 
evolved from small, tree-dwelling carni- 
vores called miacids, which lived some- 


thing like 40,000,000 years ago. Among the 
descendants of the miacids was a weasel 
about the size of a black bear. that lived in 
North America about 25,000,000 years 
ago. Today the members of the weasel fam- 
ily range in size from the tiny weasels pro- 
per through the medium-sized skunks and 
martens to the wolverines, which may 
weigh as much as 15 kilograms. 

Modern members of the weasel family 
have evolved but little in some respects 
from their earliest known ancestors, the 
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miacids. They usually have long, lithe 
bodies and stocky legs. They have special- 
ized teeth for shearing tough meat fibers. 
Some still dwell in trees. Others do not. 
The badger, for example, has become a 
burrowing animal. The otter is well adapted 
for life in or near the water. Many weasels 
have scent glands: those of the skunk are 
particularly well developed. Certain mem- 
bers of the group have coats of thick, dense 
fur. 


MARTENS 


Martens are generally tree-dwelling 
members of the weasel family. Among the 
most striking members of the weasel family 
is the American marten, often called the 
American sable or pine marten. This hand- 
some animal, which is an expert climber, is 
about 60 centimeters long. It is colored a 
rich, light brown above. Its underparts are 
darker brown, as are its legs and bushy tail. 
Its wide throat patch is whitish or buff. 
Martens avoid people. They are found in 
the denser forests of Canada from the At- 
lantic to the Pacific, in some parts of New 
England, and in some regions of western 
North America. 

Martens hunt squirrels in the treetops. 
On the ground they track down rats, rab- 
bits, and grouse. They are active during the 
winter, traveling easily over the snow as 
they hunt for mice and shrews. They often 
supplement their meat diet with insects, 
honey, berries, fruits, and nuts. The female 
marten builds a grass-lined nest in a tree 
hollow or burrow, in which from one to five 
young are born in April. The chief enemies 
of the marten, besides man, are the horned 
owl, the lynx, and the fisher, also a member 
of the marten group. 


FISHERS 


The fisher, or pekan, is a large, power- 
ful animal that looks like a bulky, long- 
nosed cat. It measures about one meter in 
length. Its long and soft fur is much darker 
than that of the American marten. The fish- 
er dwells in the northern part of the United 
States and in Canada. It is sometimes found 
in the neighborhood of swamps and other 
bodies of water, where it preys upon fish, 
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frogs, muskrats, and beaver. lt «lso hunts at 


night for rabbits, squirrels, anc other small 
mammals. The fisher is one of the few ani- 
mals that attacks the porcupine. It turns 
this rodent over on its back and pounces 
upon its underside, which is protected 
by the formidable quills. T rapper re- 
gards the fisher as one of his chief enemies 
in the wilds, since it steals bait in his 
traps and eats any animals t ire Caught 
in them. 

WOLVERINES, TAYRAS, AND —iSONS 

The wolverine is the |: animal in 
the weasel family. It is also known as the 
glutton in Europe and as t arcajou in 
Canada. As an adult, it is as © as a small 
bear. The wolverine lives forests in 
northern Europe, Asia, Canacds. ‘he United 
States, and possibly Greenla: 

In the winter the wolveri hases elk, 
deer, martens, foxes, and lynx. It cannot 
chase prey on snowless ground, however, 
and in summer feeds on carrion. birds’ eggs, 
lemmings, and berries. 

Trappers dislike the wolverine because 
the animal raids traps and takes all the edi- 
ble material it can find. It also takes fur 


pelts. The wolverine itself does not have a 
valuable pelt, and it is rather difficult to 
trap. 

Two smaller but very troublesome and 
Savage members of the weasel family are 
the tayra and the grison, both found exclu- 
sively in Central and South America. The 
tayra matches the otter in size. The grison 
has more the proportions of the marten. 
Both frequent hollow trees, clefts in rocks, 
and the deserted burrows of other animals. 
Both prey upon various small mammals and 
birds. Eggs also play an important part in 
their diets. 


TRUE WEASELS 


The true weasels are distinguished 
from the martens by their small size, slim- 
ness of body, preference for the ground— 
although all are good climbers — their close 
fur, comparatively short tails, and change 
of coat in winter. Several species inhabit 
the Old World, of which the most familiar is 
the stoat, or true ermine weasel. Several 


re found in North America, and one 


othe: 
in S America, ranging south along the 
And best-known North American 
species are the common, or short-tailed, 
wea the northern long-tailed weasel, the 
little use-hunter” of the northern plains, 
and the bridled weasels of the Pacific 
Coast, marked with a black band across the 
face Arctic coast has another species 
ver) the stoat. But wherever the weasel 
is en tered, he is found to be “a keen, 
agile omitable hunter.” 

sels are graceful and quick, and 
are y >fficient hunters. They stalk their 
prey ound, sight, and scent, and will 
often ollow their prey into burrows and kill 
them ; 

els kill more than they can eat. 
The tinctively chase prey even when 
they «re not hungry, and they seldom give 
up u! he prey is caught. Weasels have 
very sharp teeth that they use to kill their 
All true weasels change their 
fur colo winter. Here an 
eastern weasel shows partial 
winter white fur. 


TH 


prey quickly. They typically bite prey at the 
base of the skull, the sharp teeth penetrat- 
ing the skull and passing into the brain, 
causing rapid death. 

Weasels are very fierce when they are 
confronted by some other animal. But they 
can be literally “scared to death” by falling 
into a trap. 

The fur of all the true weasels—in 
summer, light or dark brown above and 
white, sulfur yellow, or orange, according 
to species, underneath— becomes white in 
winter wherever the climate is such that 
snow remains continuously from late No- 
vember to April. South of the line of perma- 
nent winter snow the weasels keep their 
brown color all the year round, but along 
this climatic borderland they may become 
partially white, as in the case of the ermine. 
The weasels are of great service in destroy- 
ing vermin in the fields and in hunting rats 
and mice about barns and storehouses. 
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MINKS 


Minks are found in northern Europe 
and over all the North American continent. 
The mink is larger, stouter, and more ro- 
bust than the weasel, and its fur is every- 
where thicker and darker brown in color, 
except for the white patch of variable ex- 
tent on the chin. It lives on the ground, 
making its den in holes under or inside old 
stumps, in crevices among loose rocks, or 
in burrows usually opening in the bank of a 
stream or lake. It hunts its food mainly 
along stream and lake shores where it preys 
upon frogs, fish (especially eels), and other 
aquatic animals. Though trapped by ama- 
teurs and professionals alike, it holds its 
own in even the most thickly settled re- 
gions. 

Mink farms are now a successful enter- 
prise throughout the northern United 
States and Canada. The minks are carefully 
raised and tended. Most mink skins for fur 
coats now come from these farms. 


POLECATS 


The polecats are related to martens, 
the only major difference between them 
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The South ican tayra is 
a savage r of the 
weasel family 
New York Zoological Society 
being the foul-smelling fluid polecats emit 
when faced with an enemy. The name 
“pole,” or “pol,” as it was originally spelled 
may be a corruption of the Fre oule, a 
hen, in reference to the an great 
weakness for poultry. Or it may e from 


the old English word foumart, or “foul mar- 
ten,” referring to its odor. 

Various species of polecats are com- 
mon in many parts of Europe and Asia. 
Though they vary in size and coloration, 
their habits are similar and their odor is 
equally abominable. It represents a truly 
remarkable feat for man to have bred the 
domesticated type of polecat that we call 
the ferret so that the offensive odor has 
largely disappeared. F 

The ferret differs from the polecat in 
the color of its fur, which is generally yel- 
lowish white. Its eyes are pinky red. The 
animal is about 35 centimeters long, not 
including the tail. It is exceedingly prolific: 
each year the female brings forth two 
broods, each numbering from six to nine 
young. The ferret is often used to kill mice 
and rats. It also serves to drive rabbits from 
their burrows. The rabbits are shot by hunt- 
ers as they emerge. According to the an- 
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The skunk is well known for its offensive odor, Skunks eat small animals and are 


frequent raiders of chicken coops. 


cient Roman naturalist Pliny, his country- 
men also used ferrets for rabbit hunting. 

_ Like all members of the weasel family, 
ferrets are instinctive killers. They must be 
muzzled before being turned into a rabbit's 
burrow. Otherwise they would kill and eat 
the rabbit. They are not muzzled, however, 
when they are used to kill rats, since these 
rodents are fierce fighters when cornered. 


RATELS 


The ratel is found in India and Africa. 
Ratels are badgerlike in build, with rudi- 
mentary ears. They have powerful claws, 
with which they can dig themselves into the 
ground with great rapidity in time of dan- 
ger. They are generally black in color, with 
a whitish crown and a somewhat grizzled 
back. The ratel is fond of honey, and for 
that reason it is sometimes called the honey 
badger. It also eats rats, frogs, birds, and 
Insects, particularly termites. It is very 
fond of poultry and occasionally raids 
chicken coops. 


SKUNKS 


Skunks are black in color, with white 
longitudinal stripes or white spots. They 
are found in many areas of the United 
States and Canada. They commonly avoid 
deep forests and deserts, preferring slightly 
wooded or open country. They eat insects, 
mice, frogs, and snakes, but sometimes they 
raid poultry yards, 

Skunks hibernate during the winter. In 
the spring, the female has a litter of from six 
to ten young. 

Specialization reaches a high point in 
the American skunk, whose defense mech- 
anism is about as effective as can be found 
in the animal kingdom. The skunk is 
equipped with scent glands from which it 
can, at will, discharge a most nauseating 
fluid. This fluid, which is clear yellow in 
color, is dispensed in a fine spray that can 
carry as far as three meters at the time of 
discharge. Air currents can distribute it 
even farther. The spray is strongly acidic. If 
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it gets into the eyes it may bring about tem- 
porary blindness. The sickening odor of the 
fluid is so penetrating that it generally puts 
to rout any attacker. 

The skunk uses its defensive spray 
only when it is sufficiently provoked or ac- 
tually attacked. It gives due warning of its 
intent by turning its back to its tormentor 
and raising aloft its long, bushy tail. The 
animal relies so thoroughly upon its defen- 
sive weapon that when it is attacked, it 
almost never tries to escape or to defend 
itself with its sharp teeth. 


BADGERS 


The badger is another interesting 
member of the weasel family. The Ameri- 
can badger, distributed over the western 
and central parts of North America, is a 
clumsy, heavy-bodied animal, with a much 
flattened body and a short and bushy tail. It 
is silvery gray and black above and yellow- 
ish white below. The animal is a powerful 
digger. It is equipped with strong front legs 
and long claws. It digs burrows in the 
ground for its own use. It also digs out the 
burrows of other animals, such as gophers, 
prairie dogs, and the like. The badger trav- 
els from one burrow to another in its nightly 
hunting and devours any occupants. It also 
preys on small mammals that attack the 
crops. The fur of this animal is of consider- 
able value. Its bristly hairs are widely used 
for artists’ brushes and shaving brushes. 

The European badger is quite similar 


The American badger is a short, stocky animal. It 
preys on many rodent pests. 


New York Zoological Society 


in appearance to the Americ 
differs somewhat in certain 
thing, the head is much m 
general habits and food are 
of the American badger, B 
found in Asia and Africa 


in variety, but 
tails; for one 

slender. Its 
ich like those 
igers are also 


OTTERS 
Next we come to the er, which is 
perfectly at home in the \ It has the 


ir, and small 
of aquatic 
ts rudderlike 
a handsome 
\n excellent 
nost entirely 


webbed feet, short and thi 
ears that are characte: 
mammals. Its legs are sho 
tail is fairly long. The ott 
animal, with dark brown i 
swimmer and diver, it fee: 


on fish. However, when ire scarce it 
will hunt crayfish, frogs, an iskrats. Itis 
found in Europe, Asia, southern Africa, and 
the Americas. 

The otter rests for the greater part of 
the day in its den, near the stream in which 
it fishes. It comes out at night to feed. This 
den is usually an excavation in the bank or 
in a log lying close to the st 1. If the den 


is in a bank, the entrance is often to be 
found below the water line 

The otter is a playful animal. It loves to 
slide down river banks or snowy hum- 
mocks. It can be tamed quite easily. It can 
be taught to follow its master like a dog and 
to enter and leave the water at a word of 
command, It can even be trained to catch 
and bring in fish. It is first taught to retrieve 
things on land and afterward to fetch and 
carry a dummy fish thrown into a river. 
Then comes the catching of a real fish cast 
into the stream. 


SEA OTTERS 


The true sea otter of the North Pacific 
is quite a different kind of animal. It is more 
seal-like than the otter and is particularly 
well adapted for a marine habitat. Its nat- 
ural habitat is restricted to a few islands ce 
the coast of California, Alaska, the Sovie 
Union, and Japan. 

The sea otter is a little more than 2 
meter in length. It has a flat and broad hen 
very short ears, a flexible body, short limbs, 
and a short tail. Its front feet are small. : 
hind feet are webbed to form flippers, SUB 
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The American otter is a very playful and affectionate animal. Otters are found on 


all the continents except Australia. 


gesting somewhat those of the seal. The 
molar teeth are provided with grinding sur- 
faces for crushing the shells of various 
kinds of shellfish. In addition to shellfish, 
the sea otter feeds upon salt-water fish of 
various kinds, cuttlefish, and sea urchins. 

The sea otter has a very valuable pelt, 
and it has been widely hunted. Because of 
this, the animal was faced with the danger 
of extinction. However, the U.S. and Sovi- 
et governments responded to the alarming 
drop in population and enacted laws to pro- 
tect the animal from hunters. Today, the 
number of sea otters has greatly increased, 
and it is not likely that the species will dis- 
appear. 

Sea otters do not do well in captivity. 
When caught as babies they refuse food. 
Adults will accept food, but they rarely 
breed in captivity. 


In a typical position for feeding, a sea otter floats 
on its back in the water as it devours a crab 
Alexander Lowry/PR 
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CIVETS, MONGOOSES, 
AND HYENAS 


In Africa and tropical Asia we find a 
family of carnivores, or flesh eaters—the 
Viverridae, or viverrids, which range from 
small to moderate size. These animals, 
whose name comes from the Latin word 
viverra, meaning “ferret,” include the civ- 
ets, mongooses, and their allies. They lead 
much the same kind of life in the Old World 
tropics as do the weasels and their kin in 
the more temperate regions of the world. 
Some live on the ground or in trees. Others 
burrow into the ground, and several species 
are aquatic. They are generally secretive, 
nocturnal creatures. 


EVOLUTION 


Like the rest of the modern carnivores, 
the viverrids evolved from a group of small, 


An African civet. It looks like a heavy-bodied cat 
with a thick, bushy tail. Beneath the tail are musk- 
secreting scent glands. 


Robert C, Hermes, Audubon/PR 


weasellike, forest-dwelling flesh eaters 
known as miacids. At the end of the Eocene 
epoch, about 40,000,000 years ago, the 


miacid stock branched out, giv 
weasels and dogs, on the one h 


the viverrids, on the other, The cats, in 
turn, evolved from some of the early viver- 
rids. 

The viverrids are comparatively primi- 
tive and unspecialized animals. Some of 
them have changed little, a; ntly, from 
their miacid ancestors. The sku!! is long and 
narrow, and the face suggests that of a fox. 
The teeth are typical of carnivores. The 


carnassial teeth are extremely sharp and 
form efficient shearing blade 
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There are over 100 species of viver- 
rids, divided into six main £ s: the civ- 
ets, genets, and linsangs; the palm civets; 
the hemigales; the galidines; the mongoos- 
es; the fossa. 


CIVETS, GENETS, AND LINSANGS 


The animals of the first group—the 
true civets, genets, and linsangs — belong to 
the subfamily Viverrinae. They are more 
closely related to the cats than are any of 
the other viverrids. Their bodies are more 
streamlined, however, than those of cats, 
and their heads are foxlike. Though some of 
them climb trees, their feet are better adapt- 
ed for walking and running on the ground. 
The curved claws can be more or less re- 
tracted, or drawn back, into sheaths, much 
as in the case of cats. The Viverrinae inhab- 
it Africa, India, and Malaysia. f 

The African civet (genus Civettictis) 
and the Oriental civet (Viverra) resemble 
each other closely. They are heavy-bodied 
creatures about as large as domestic cats. 
They are exceptionally narrow and stan 
high off the ground. The hind legs are long- 
er than those in front, causing the body to 
slope downward from the rear. The fur 


ark streaks and blotches. Dark hair 
rected along the back to form a 
e bushy tail of these civets is short- 
ratively speaking, than that of 
rids. Beneath the base of the tail 
nt glands that secrete a thick, dark 
ubstance called civet, or musk. It is 
nposed of a complex mixture of ammo- 
_ and volatile oils, and has a strong, 

t odor. To extract musk for com- 
use, civets are kept in captivity and 

every two or three weeks. The 

s used as a fixative in the manufac- 


musk 
ture of perfume and medicines. 
rasse (Viverricula) is a smaller 


Oriental civet, lacking a crest on the back 
but possessing well-developed musk 
glands. It is an expert tree climber. The 
water civet (Osbornictis) is an otter-shaped 


anima! with beautiful reddish brown fur, 
dark «nd light markings on the face, and a 
bushy tail. Its feet are webbed and the soles 
are naked. It can travel easily on mud flats. 
The water civet is a fish eater. 

Genets. Another beautiful civetlike ani- 
mal is the genet (Genetta) of Africa, south- 
ern Europe, and southwestern Asia. Its 
yellow or grayish fur is darkly spotted, and 
dark bands ring the very long, tapering tail. 
A crest of dark stiff hairs can be elevated 
along the back. The lithe and graceful ani- 
mal haunts open forests or rain forests, 
where it seeks its prey. It is equally pro- 
ficient as a hunter on the ground or in the 
trees. When pursuing prey, a genet elon- 
gates and flattens its body and glides along 
the ground or on a branch in an almost 
snakelike fashion. 

Linsangs. Like the genet, the Asiatic 
linsang (Prionodon) stalks its prey by 
crawling with its belly to the ground. Since 
it is so slender, it is often mistaken for a 
heavy-bodied poisonous serpent. The 
linsang looks like a small genet. Its tail is 
exceedingly long. Its coat is light in color 
and marked with bands or spots. The ani- 
mal does not possess musk glands. The 
African linsang (Poiana) is a spotted, genet- 
like carnivore of western Africa. 


PALM CIVETS 


The animals of the next viverrid 


Arthur Ambler, Audubon /PR 


A rusty-spotted genet of Africa. Genets are closely 
related to civets but generally have more pointed 
faces and prominent ears. 


group—the palm civets (subfamily Para- 
doxurinae)—are less agile and catlike than 
the true civets. Their feet are better adapt- 
ed for climbing, and they are almost com- 
pletely arboreal. They possess musk 
glands. 

Binturong. Among the most striking of 
the palm civets is the binturong, or bear cat 
(Arctictis), Which dwells in Indonesia and 
southeastern Asia. The binturong has a 
prehensile, or grasping, tail that it uses as 
an extra hand as it moves slowly and de- 
liberately through the dense forest canopy. 
It has a long, shaggy coat of coarse, black 
hairs. Long tufts of hair project from the 
top of its short ears. Its teeth are compara- 
tively small. 

HEMIGALES 

The viverrids known as hemigales 
(subfamily Hemigalinae) include several lit- 
tle-known carnivores of Malaysia and 


Madagascar. The banded palm civet, or 
hemigale (Hemigalus), resembles the lin- 
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Mongooses are small, agile hunters. They feed on 
small birds and reptiles, mice and rats, and at times 
on snakes. 


sang. It is prettily marked with black bands 
across the back. Its face and neck are red- 
dish. It has climbing-type feet. Its scent 
glands are not well-developed. The Indo- 
Chinese civet (Chrotogale), which has an 
elongated muzzle and small teeth, and the 
Diplogale of Borneo are rare close rela- 
tives. The otter civet (Cynogale) is equally 
at home in the trees and water. Like an ot- 
ter, it has broad, webbed hind feet, a swol- 
len upper lip, a broad muzzle, a flat head, 
small ears, a short cylindrical tail, and thick, 
dense, soft fur. Hemigales of Madagascar 
include the Malagasy civet (Fossa), which 
looks like a genet, and the falanouc (Eu- 
pleres), which is a long-snouted animal with 
a Short tail like a bottle brush. 


GALIDINES 


The Galidines, or Malagasy mon- 
gooses (subfamily Galidiinae), seem to be 
a link between the civets and true mon- 
gooses. They are small, graceful animals, 
some no bigger than rats. Galidines are 
common in the Madagascan forests of giant 
ferns, where the ground is densely covered 
with vegetation. One type (Galidia) is 
bushy tailed and scampers during the day 
through the trees like a squirrel. 


TRUE MONGOOSES 


Great numbers of true mongooses 
(subfamily Herpestinae) live in Africa, 


CIVETS, MONGOOSES, AND HYENAS 


southern Asia, and Indonesia ese ani- 
mals lack scent glands. In gene they are 
slender and long-bodied creatures, with 
pointed snouts, very short, rounded ears, 
and fairly long, bushy tails. Some are wea- 
sellike, and short-legged. Ot! are like 
dogs, standing high off the ground on rather 
long legs. The fur is long and coarse, and is 
grizzled or striped. Mongooses can climb 
trees but rarely do so. Their long, slightly 


curved claws, which are not retractile, are 
more or less suited for digging. ngooses 
are small and active carnivores, moving 


about by day much more than do the civets, 
They are easily tamed, if caught young, and 
are often kept to catch mice and rats l 
Common mongooses (Herpestes) M- 
habit Spain, Africa, ad Asia. Several dif- 
ferent kinds of mongooses live in Africa. 
Among these are the meerkat (5uricata), & 
plains-dwelling animal that often sits up on 
its hind legs like a ground squirrel; the 
dwarf mongoose (Helogale), only about 25 
centimeters long from nose to rump; the 
marsh mongoose (Atilax), which dives and 
swims expertly; the cusimanse (Cross- 
archus), which spends much time under- 
ground in burrows; and several doglike 
forest-living species. 
THE FOSSA 


The fossa (Cryptoprocta), belonging to 
the last of the viverrid groups, is the largest 
carnivore of Madagascar. It is the sole re- 
presentative of its subfamily, the Crypto- 
proctinae. The animal may be a link be- 
tween cats and civets, or it may have 
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The \g. With its extremely long tail and habit 
of fle ng its body to the ground to stalk prey, the 
linse often mistaken for a heavy-bodied snake. 


evol from common ancestors of the 
cats, true civets, and mongooses. The teeth 
are like. The needle-sharp claws are 
strongly curved and retractile. About twice 
the of a house cat, the fossa has some- 
whi e same shape as the genet. The 
short fur is reddish or grayish brown. The 
animal walks flat on the soles of its feet, un- 
like cat, which walks on its toes. The 
fossa climbs trees readily and sometimes 
seeks its prey there. It also hunts on the 
ground 


ALL ARE NIGHTTIME HUNTERS 


The viverrids are active and alert 
nighttime hunters. They carefully and si- 
lently stalk their prey and then pounce 
upon it swiftly. Small animals of all kinds 
are game to the viverrids: birds, lizards, 
snakes, and insects, as well as rats, mice, 
and other small mammals. Birds’ eggs are 
also eaten, With the exception of the fossa, 
linsangs, and Malagasy civet, which are 
almost exclusively meat eaters, the viver- 
rids supplement their flesh diet with a con- 
siderable quantity of vegetable matter, in- 
cluding berries and other fruits and also 
roots, 

Like most mammals, viverrids confine 
their prowlings to a home range, which they 
do not abandon unless shortage of food 
forces them to hunt elsewhere. 

The civet smears tree trunks, rocks, 


and the ground with musk and also leaves 
heaps of excrement at definite places, thus 
indicating the location of its home range to 
other members of the species. Musk plays a 
part in bringing together the male and fe- 
male, It is also used as a means of defense, 
for the civet can discharge the secretion 
into the face of an attacker. 

During the daytime, viverrids seclude 
themselves in some protected spot. A hide- 
away or den may be a hollow tree, an aban- 
doned burrow made by some other animal, 
or a crevice among rocks. 

Most viverrids are solitary, living 
alone except when male and female pair for 
breeding. Some mongooses, however, show 
a social tendency. Groups may hunt to- 
gether, and some mongoose families may 
be found living together in a network of 
burrows. 

Little is known about viverrid repro- 
duction. The Indian civet seems to breed in 
May or June, and three or four young are 
born. Two young are produced by the 
Asiatic linsang, which breeds in February 
and August. The rasse has four or five 
young; the masked palm civet and the In- 
dian mongoose, three or four. The genet, 
which bears from one to three young, has 
no fixed breeding season. 


The spotted hyena feeds on the remains of kills 
made by other animals or makes its own kill. Here a 
large male detends his meal against jackals 


HYENAS AND AARDWOLVES 


During the Miocene epoch, about 
20,000,000 years ago, a line leading to the 
hyenas evolved from the central civet 
stock. The hyenas, family Hyaenidae, 
became fairly large and powerful scaven- 
gers resembling ungainly dogs. The skull of 
the hyena is heavy. The teeth and jaws are 
large, and the jaw muscles are exceedingly 
strong. The animal stands high on long, 
stout legs. The front legs are longer than the 
hind ones, causing the back to slope down- 
ward from the neck and shoulders to the 
rump. The claws are blunt. 

True hyenas. The hyenas proper (sub- 
family Hyaeninae) include the striped 
hyena (Hyaena), the brown hyena (H. 
brunnea), and the spotted hyena (Crocuta). 
Striped hyenas range from India through 
southwest Asia to north and east Africa. 
They are dirty-gray with black stripes on 
the flanks and legs, a mane on the neck and 
along the back, and a short and bushy tail. 

The spotted hyena is somewhat larger 
than the others, standing a little less than 
one meter at the shoulder. It is yellowish 
buff with dark blotches, has shorter, more 
rounded ears than other hyenas, and lacks a 
mane. A common African carnivore, the 
spotted hyena is found over much of the 
continent south of the Sahara. 


An aardwolf in its den with its young. Aardwolves 
spend most the day in a natural cavity, leaving at 
night to hunt. 
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The hyena runs down it 
on the remains of kills madi 
and wild dogs. It has a keen se 
acute vision, and a good se 


rey or feeds 
the big cats 
nse of smell, 
of hearing, 


Cries of several hyenas figh over a car- 
cass will attract many mí 

Spotted hyenas usually make their own 
kills. They bring down er animals, 
such as young rhinocero id the larger 
antelopes. Several will combine in running 
down an antelope or zebr utter cries 
like human laughter—a pitched hys- 
terical chuckling that fre rises toa 
higher key. Hyenas al on sick, 
young, or aged animals. 5 and brown 
hyenas are primarily scave 

Hyenas are more o nocturnal, 
spending the day in natur ities among 


rocks or in abandoned ws. Where 
such dens are not availab| inimals dig 
their own. Usually the sp hyena does 
not have any one home range but temporar- 
ily confines its activities to area where 
zebra and antelope graze 

The spotted hyena has fixed breed- 
ing season, After a gestation period of 110 
days, one or two young are born. After the 
pups are weaned, they are said to be fed on 
regurgitated food that has been brought up 
from the parent's stomach. The gestation 
period of the striped hyena is about ninety 
days, and usually four young are born. 

Aardwolves. The aardwolves makes up 
the subfamily Protelinae of the hyena fam- 
ily. The aardwolf is somewhat similar to 
the striped hyena but is smaller and more 
slender. The aardwolf has weak jaws; ex- 
cept for the large canine teeth, there are 
only small pegs for teeth. Its fur is stripe 
across the back; a mane runs down the 
center of the back: and the tail is bushy- 
Aardwolves live in brush, plains, and rocky 
country of eastern and southern Africa. 

Like the hyena, the aardwolf is more or 
less nocturnal. It spends the day in some 
natural cavity. Often two or three females, 
each with her two to four young, will occu- 
py the same den. At night, half a dozen oF 
so aardwolves may travel together in 
search of food. Aardwolves feed exclu- 
sively on termites and other insects, on 
newly born animals, and on rotten meat. 


The d of the Siberian ti- 


ger 3racteristic of the 
cat family. The tiger's teeth 
are idable and well 
adapted for eating meat. 


THE CAT FAMILY 


The cats—lions, leopards, jaguars, 
pumas, lynxes, cheetahs, domestic cats, 
and others —are carnivores, or flesh eaters. 
They cleverly stalk and ambush their prey. 
Cats must be alert and tensed to make a 
kill. They must also be quiet so as not to 
frighten off an intended victim. Sometimes 
cats pursue game they neither see nor 
smell, relying on tracks or other signs. 


GENERAL BODY PLAN 


The long, lithe, graceful body of a cat is 
well adapted to hunting. Much of the 
weight is supported by the forelegs. Strong 
back and hind-leg muscles enable the an- 
imals to spring on prey. But cats are not as 
sturdy runners as dogs. Instead they dash 
rapidly for short distances and then jump 
on their prey. 

Cats run or walk on their toes. There 
are five toes on each front paw and four on 
each hind paw. They are armed with long, 
sharp, curved claws, which are retracted, or 
drawn in, when not in use. 
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A cat’s head is large, the face relatively 
short and rounded. A bony crest at the top 
of the skull anchors the strong lower-jaw 
muscles. The animal’s teeth are well adapt- 
ed to its diet. The front teeth, or incisors, 
bite off flesh. The fangs or canines, are like 
daggers for biting deeply. The upper and 
lower side teeth, carnassials, together shear 
flesh and tough sinews. The cat’s rough 
tongue also plays a role in meat eating. 

Cats are pretty much nocturnal hunt- 
ers, and their large eyes are perfected for 
gathering the maximum amount of reflected 
light available to them at night. In open 
country, especially, cats use their eyes to 
detect quarry. The sense of smell is fairly 
well developed, but not relied upon to the 
extent that it is by other carnivores such as 
dogs and weasels. The sense of hearing, on 
the other hand, is exceptionally keen, and is 
probably the greatest single asset to a cat’s 
hunting. The facial vibrissae, or whiskers, 
are feelers associated with touch. No 
doubt, they warn a cat when it is getting 
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into too thick underbrush, especially at 
night. A cat’s brain is large and well de- 
veloped, making the animal extremely alert 
and highly coordinated. 


A HUNTER 


As a rule, cats are solitary animals, 
traveling and hunting alone. Only at mating 
time do they accompany one another. Of 
course, the young follow their mother until 
capable of hunting for themselves. The lion 
is an exception to solitary living. Though it 
may live alone, twenty or thirty individuals 
frequently associate in a group known as a 
pride. 

Cats usually restrict their movements 
to a home range inhabited by game upon 
which they can prey, and having suitable 
hideaways where they can retreat when not 
hunting. The size of the range depends on 
the species of cat. The bigger cats of neces- 
sity must have ranges that support the larg- 
er hoofed mammals on which they chiefly 
feed. For example, the home range of a lion 
troop may extend from 20 to 30 kilometers. 
A cat will expand its home range or move 
to another area if game becomes scarce. 
Cats are generally good climbers, although 
many of the larger cats keep mostly to the 
ground, 
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Cats prey on any animal that they are 


quick enough to catch and strc nough to 
subdue. Although cats are almost exclu- 
sively meat eaters, the lion and ‘copard are 
known to feed on vegetable matter, princi- 
pally fallen fruit. 

EVOLUTION 

How did the cats develop ihe features 
that make them superb hunters” ‘Viany au- 
thorities believe that the high! ipted cat 
resulted from a long series of jutionary 
changes. The ancestor of the cai was proba- 
bly a primitive carnivore call reodont. 
From the creodont there desc: | a group 
of forest-dwelling hunters k 1 as the 
miacids. They were small, with ‘ong bodies 
and tails and short, flexible Jess. Miacids in 
turn produced cats, civets, weasels, dogs, 
bears, and seals. 

During the late Eocene and early 
Oligocene epochs, some 40.000,000 to 
60,000,000 years ago, the miacics split into 
several evolutionary lines. + of these 
lines evolved into catlike ani One line 
gave rise to the stabbing cats. This line, 
which included the now-extinci sabertooth, 
was an evolutionary dead end. The other 
line evolved the biting cats, including 
modern cats and their direct ancestors. 

ve lih, Audubonlek 


| he first true cats (represented by the 
genus Felis) appeared suddenly in the fossil 
record. The fossils date from the Pliocene 
epoch, some 13,000,000 years ago. 

Today, cats are among the most wide- 


spread and successful of mammals. They 
are native to all major lands except Aus- 
tralia, Antarctica, Madagascar, and the is- 
lands of the Pacific Ocean. They are, how- 
ever, most abundant in tropical regions. 
There are at least fifty species of cats, 
belonging to the family Felidae, a mamma- 
lian family of carnivores. They are built 
on h the same plan, but for convenience 


are divided into the big and the not so big 
cats, The cheetah, however, is a somewhat 
different kind of cat. 

BIG CATS 


Members of the cat family that are 
considered “big cats” include the lion, ti- 
ger, leopard, and jaguar. The cheetah, 
though unusual in some of its features, is 
also often included in the group. 


LIONS 


Fhe lion is the largest and most power- 
ful of the wild cats. This “king of the 
beasts,” as it is often called, is a strong, 
majestic-looking animal with a loud roar. It 
is feared by many other animals and often 
by man. 

The lion prefers open country. Today 


Right: the African lion, now 
a protected species, The 
male may live and hunt 
alone, but he is usually a 
pride leader. Left: a male 
charges his prey. 


the lion is limited to grassy plains, scrub- 
lands, and semidesert areas of Africa south 
of the Sahara. A few—no more than 200— 
live in India’s Gir Forest. 

The lion’s range was once much more 
extensive. Lions once lived in southern 
Europe, but as Europe became more forest- 
ed following the last Ice Age, the lions lost 
their favorite habitats and gradually disap- 
peared. A few lions, called Persian lions, 
may still exist in the Middle East, another 
area where they once roamed freely. Lions 
were once also found throughout much of 
Africa, but there, too, habitat changes and 
the pressure of hunting have severely limit- 
ed their range. 

The lion’s fondness for open spaces 
makes it an easy target for hunters. Its pop- 
ulation has decreased drastically, and lions 
are now legally protected from hunting in 
many areas of the world. African lions are 
found in several national game preserves 
where hunting is forbidden and the lion has 
a chance to replenish its numbers. The 
population of the Asian lion is so small that 
the species has been officially declared an 
endangered species. 

Living in prides. Lions are the most 
sociable of the cats. Although lions, espe- 
cially males, may live alone, they usually 
live in groups known as prides. 

A pride typically consists of several 
lionesses —usually related to one another — 
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and their young. Adult males become tem- 
porary members of the pride, living with the 
group for a few months or years. The males 
battle fiercely for possession of a pride. The 
winner dominates the whole group. When 
the leader shows signs of a decline of power 
and speed, he is driven from the pride by 
younger and more vigorous males who 
then take possession of the pride. 

Hunting. Hunting is a cooperative af- 
fair. Normally the male circles a herd of 
zebra or wildebeest or other antelopes 
while the females wait in ambush. The 
hunters keep in communication by emitting 
grunts every so often. The male gets up- 
wind of the quarry so that his scent is car- 
ried to them. He singles out several individ- 
uals and tries to cut them off from the rest 
of the herd, meanwhile driving the prey 
toward the hidden lionesses. Once a victim 
is within range, there is little hope of its 
escape. The lioness makes a short, high- 
speed charge, up to 80 kilometers per hour, 
and usually leaps at the shoulder area of the 
prey. The powerful forepaw with claws 
extended violently wrenches back the vic- 
tim’s head as the teeth sink into the back of 
the neck. The kill is swift and clean. Of 
course, the male is perfectly capable of 
making the kill, but his function is usually 
that of coordinating troop movements. 

When the kill is made, the rest of the 


lions of the group join in the ‘east. The big 
cats gorge themselves on the meat, but 
since these animals do not crush the bones 
nor pick them clean, there usually remains 
enough to feed the jackals. hyenas, and vul- 
tures that always follow the lions 


Since lions eat until the, are full, they 
may not kill again for sev days. That 
they hunt only to satisfy hi r and not to 
kill for pleasure is attested ‘o by the fact 
that lions are often seen restin near a herd 
of antelope or zebra o en walking 
through the herd. 

African lions are found where herds 
of plains- and semidesert-\velling hoofed 
animals congregate to fet id drink. In 


periods of drought, when ‘he herbivores 


move to new feeding areas. the lions ac- 
company them. During th season, they 
remain in shady places uni? well into the 
night before they commence to prowl. In 
wet or cold weather, the lions hunt in the 
late morning or afternoon 

In all truth, lions cannot be described 
as bloodthirsty or cruel. They beautifully 
exemplify the hunter’s way of life and de- 
serve the protection that is given the hoofed 
animals that serve them as prey 

A lion will not ordinarily attack a hu- 
man unless it is startled, bothered, wound- 
ed, or diseased. Aged lions have been 
known to stalk and kill a person, but this is 


Female lions and cubs make up most of the pride. Females become sexually 


mature at two years of age. They bear from two to six cubs per litter. 
Rue Ill, Avdubon/PR 
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fost aged lions—unable to pursue 
rmal prey—exist on scorpions, in- 
id small rodents. 
roduction. Sexually mature lions 
particular breeding season. When a 
sexually receptive, the sexes pair 
mate. After a gestation period of 
| 0 days, one to six spotted, helpless 
born. They are easy prey for leop- 
enas, and other animals, and many 
survive. Those that survive grow 
and when about one year old are 
nake their own kills. They become 
mature at about two years. Lions 
(ential life span of 20 to 30 years, 
y rarely reach this age in the wild. 


body plan of the tiger is very much 

t of the lion. Tigers are about the 
ze as lions. Externally, however, the 
quite different. The tiger has a 
color of reddish orange striped with 
»me specimens may be dark, others 
ght in coloration. Rarely, one may be 


white with black stripes. The characteristi- 
cally maneless tiger often possesses a fairly 
extensive growth of long hair about the 
cheeks and neck. Siberian tigers have a 
thick underfur and an overcoat of long pale 
hair. 

The tiger is a forest dweller. Tigers 
occupy a range from the Soviet Union and 
Iran, through India, China, southeast Asia, 
Malaysia, and Indonesia. Tigers are shy of 
man and try to remain out of his sight. Since 
they sometimes feed on cattle, horses, 
sheep, and goats and infrequently become 
man-eaters, tigers have been extensively 
hunted over many areas. They have also 
been hunted for their pelts. The tiger of 
temperate and tropical Asia is an endan- 
gered species. 

Hunting. Tigers, especially older indi- 
viduals, can subsist on locusts, fish, scor- 
pions, crabs, and frogs. Their usual prey, 
however, is larger game, including wild 
hogs, antelopes, water buffalo, and various 
kinds of deer. When on the prowl, the tiger 
keeps to game trails, man-made paths, and 


r lives in forests throughout Asia, Tigers spend their days resting in the 


swimming. They usually hunt at night. 


Buck Reeves, Audubon/PR 


THE CAT FAMILY 


101 


102 


The leopard is smaller than the lion or the tiger. It is 
avery quick animal that can climb trees well. Leop- 
ards can be recognized by their characteristic 
black blotches or rings. They are found in Europe 
and Asia, Some leopards are completely black: 
these are the animals called black panthers. 


the banks of rivers, preferring not to make 
its way directly through heavy vegetation. 

The tiger’s sense of smell is poor and 
its eyesight is not much better, but its 
hearing is superb. It is on this fine hearing 
that the big carnivore mainly depends for 
hunting. Let a deer or antelope stand per- 
fectly still in the forest gloom, and the tiger 
will pass it by or may even look in its direc- 
tion without distinguishing it as possible 
prey. But if the animal flicks an ear, moves 
a leg, or makes a sound, the prowling tiger 
becomes aware of it. 

Creeping or stalking stealthily, and 
remaining unseen, unheard, and unsmelt by 
its intended victim, the tiger gets to within 
rushing distance. Then, with several 
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bounds, it is on the prey. The big =t drags 
its kill to a sheltered spot and eats \ til full. 
Afterwards, the tiger rests nearby, return- 
ing from time to time to feed or he kill, 
even if the meat is quite rotten, il little 
remains. 

Reproduction. Tigers, unlike social- 
living lions, are ordinarily solitar | inde- 
pendent creatures. However, t 1imals 
sometimes live in pairs for lor sriods, 
Mating takes place when the ti is re- 
ceptive, which may be at any | of the 
year. The gestation period lasts 105 to 
109 days, and one to five cub born, 
Two cubs are usually born in on: r. The 
young remain with the mother | they 
are half grown. Tigers may live about nine- 
teen years. 

LEOPARDS 

The leopard, another big ca some- 
what smaller than the lion or tiger, s one of 
the most quick-reacting of mai Is, be- 
coming quite fearless and fightir vagely 
when cornered or otherwise bothers 

Those leopards that inhabit desert 
regions or rocky and treeless areas ‘end to 
be of large size and pale colored pards 
are about 1¥2 meters long and we 2h about 
90 kilograms. In forested low! nd and 
mountainous districts, leopards are usually 


smaller and have a darker coat profusely 
patterned with large black blotches and 
rings. In certain areas, some of the leopards 
are black and are called panthers. f 

Leopards have a wide range that in- 
cludes all of Africa, except the Sahara and 
Kalahari deserts, and extends east from the 
Black Sea through India to Burma and 
Malaysia and north through China. 

Hunting. A leopard frequently conceals 
itself by day in a cave or other den or ina 
leaved tree. It usually hunts by itself, but 
occasionally two of the beasts prowl 
together. 

Since the leopard is an expert at tree 
climbing, it spends a great part of its time in 
trees, where it hunts small tree-dwelling 
animals, especially birds and monkeys. It 
cleverly stalks its quarry through the trees 
or waits in ambush until an unwary creature 
comes to within springing distance. Ba- 


boons are sometimes preyed upon, but 
these are most often sick or solitary individ- 


uals or stragglers cut off from the main 
troop. A troop of baboons can usually ward 
off the attacks of the leopard. Deer, ante- 
lope, pigs, and young water buffalo are 


iral game for this carnivore. The 
| often hides itself in a tree or rocky 
p above a water hole or game trail, 
sing upon its prey from the site of 

if the leopard’s victim is so large 
annot be entirely eaten at one time, 
» cat drags the remainder of the car- 
into a tree, apparently as a protec- 


also n 


tion against hyenas. One observer saw the 
remains of a young buffalo—over 40 kilo- 
grams of flesh and bone—hung by a leopard 
in the branches of an acacia tree. The 
branches were about three meters above 
the gound. 

eproduction. One to four cubs, but 
usually two, are born after a gestation peri- 
od of ninety-two to ninety-five days. They 
remain in company with the female for the 


first six months of their lives. Leopards are 
known to have a life span of at least twenty- 
one years. 


LEOPARDLIKE CATS 


The clouded and snow leopards are 
not true leopards, but are leopard-size and 
decorated with dark blotches and broken 
rings. These attractive felines are secretive 
creatures, rarely encountered by man. The 
clouded leopard, which has an exceptional- 
ly long tail, is an arboreal carnivore of 
southeastern Asia’s dense forests. The 
snow leopard lives in the high altitudes of 
central Asia—from the Himalaya to the 
steppes and Altai Mountains. Its long, soft, 
plumelike hair covers a dense woolly un- 
derfur. 


JAGUARS 


The jaguar is patterned somewhat like 
the leopard, but is more stocky and has a 
larger head. It is the big cat of the New 
World, ranging from southern Arizona and 
New Mexico to lower Patagonia. Though 
the jaguar lives in arid country and moun- 
tainous regions, it prefers the tropical low- 
lands, expecially near river banks. 


Top: the jaguar resembles the leopard. Jaguars live 
in North and South America. They prefer tropical 
lowland regions. Bottom: the snow leopard lives in 
the highlands of central Asia. Its thick light-colored 
coat protects it from both heat and cold. It has thick 
paws to keep it from slipping into the winter snow. 
The snow leopard is a good climber, It prefers to 
rest in high places such as rock ledges and tree 
limbs. 
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The cheetah is the fastest sprinter on earth. It once 
roamed over large areas of Asia and Africa, but is 
now limited to parts of Africa. It is quite different 
from other cats. For one thing, its claws cannot be 
pulled back. Also, the cheetah’s head is small, and 
its paws are narrow—two other uncatlike features. 


The jaguar is an expert at catching fish. 
It lies on a river bank or overhanging branch 
and with extended paw scoops up its prey 
as they come within reach. The cat swims 
well and will pursue turtles in the water, It 
attacks capybaras (rodents) and tapirs that 
come to drink. The jaguar also climbs trees 
after monkeys. In fact, the cat spends much 
time in the trees when the lowlands are 
flooded during the rainy season. 

The male jaguar seems to assist in 
providing food for the young and protects 
them from possible danger. The kittens, 
usually two or three, are born after a gesta- 
tion period of approximately one hundred 
days. 


CHEETAHS 


The cheetah, which is as big as a leop- 
ard, is a plains and desert carnivore of Afri- 
ca and India. Its sandy brown coat is pro- 
fusely spotted with black. This beautiful 
and easily tamed animal has been semido- 
mesticated in India for centuries. Wild 
cheetahs that are young but experienced at 
making their own kills are captured and 
trained for hunting. 
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The cheetah has the distinction of be- 
ing the world’s swiftest ground-running 
animal. The cheetah’s lithe, streamlined 
body is supported on long, slender legs, 
The head is small and the feet narrow. The 
stout claws cannot be drawn back into 
sheaths. Quick to break into a run, the 


cheetah can reach 70 kilometers per our in 
only two seconds after starting. At full 
speed the animal attains a little over 110 
kilometers an hour, swifter than the fastest 
greyhound. Such a pace, however. cannot 


be long maintained. 

The cheetah, like other cats, is a stalk- 
er. With belly to the ground it creeps to 
within 100 meters of its quarry. Then, it 
puts on its enormous speed to run down the 
prey over a short distance. If the intended 
game—a rodent or a medium-sized or small 
antelope —is not caught within 500 meters, 
the cheetah gives up the chase. It does not 
have the necessary endurance to be a long- 
distance runner. The running cheetah can 
agilely change direction and usually makes 
the capture regardless of how much the 
prey turns in its flight to escape. The chee- 
tah’s long tail serves as a rudder in these 
maneuvers. Cheetahs hunt by sight during 
the day or on moonlight nights. 


LESSER CATS 


The lesser cats vary in size from the 
meter-high puma to the small house cat. 
They can scream or yowl but do not have 
the vocal apparatus to roar as the big cats 
do. 


PUMAS 


Pumas are also called mountain lions, 
cougars, catamounts, or painters. They are 
one of the most widely distributed of 
mammals. They were found from Canada’s 
northern forests to the southern tip of 
South America. Unfortunately these mag- 
nificent animals, which once occurred over 
much of North America, have been wide- 
ly hunted until they now inhabit only the 
more remote areas of the western third of 
the continent. Some may still be found in 
Florida. 

__ The tawny, trim puma hunts deer, ta- 
pirs, small mammals, and birds in all kinds 


New York Zoological Society 


Pumas were once found over most of North America. Today, they are found only 


in the western third of the continent. 


of country, from swamps and rain forests to 
brushy and grassy plains and arid, moun- 
tainous terrain. Traces of the cat have been 
found at 5,600 meters in the Andean high- 
lands. 

Active both by day and night, the 
puma dens up in a cave, a fissure in the 
rocks, or a clump of dense vegetation. 
The puma’s home range covers many 
square kilometers, and the animal is known 
to travel as much as 30 kilometers in a sin- 
gle hunt. 

Like all cats, the puma is a stalker and 
springer, cautiously taking advantage of all 
possible cover to get within a bound or two 
of its prey before making a leaping charge. 
After eating its fill, the cat covers over any 
remains of the kill and returns to it a day or 
So later. Pumas are known to track humans, 


apparently out of mere curiosity. But re- 
ports of unprovoked assaults on humans 
have not been authenticated, and are in- 
deed exceedingly rare, it they occur at all. 


OCELOTS AND OTHER AMERICAN CATS 


The ocelot, a smaller cat, is handsome- 
ly marked with dark blotches, bars, and 
small rings. It is found from the extreme 
southern United States to Paraguay. 

Ocelots are nocturnal animals of open 
country or closed forest. The animal typi- 
cally makes its den in a rocky cave or hol- 
low tree. Ocelots are known to hunt in 
pairs for small vertebrates of all kinds, es- 
pecially snakes. They mark their hunting 
grounds by piling their excrement at certain 
fixed places. 

The jaguarundi is another American 
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cat. It is a uniformly gray or brownish red 
cat, having a slender, elongated body, short 
legs, and a long tail. It is a thick-brush cat, 
somewhat larger than a house cat, of South, 
Central, and southern North America. 
American cats also include the mar- 
gay, of South and Central America. The 
margay is small but similar to an ocelot in 
shape and pattern. Several other spotted 
and striped cats, such as the Andean high- 
land cat and the pampas cat, also live there. 


AFRICAN AND ASIAN CATS 


In Africa and Asia are a number of 
small to medium-sized cats, similar in ap- 
pearance but varying their behavior to fit 
the habitat in which they live. They inhabit 
forests, open woodlands, brushy plains, and 
deserts, hunting all kinds of small game. 

The golden cats are beautiful reddish- 
brown felines living in the mountainous 
forests of southern Asia and Africa. They 
may grow to the size of a small leopard. 
Among the smaller Oriental spotted cats 
are the leopard cat, rusty-spotted cat, mar- 
bled cat, and fishing cat. Small cats that are 
desert-adapted, having pale, sandy colored 
coats, include the pallas cat of central Asia, 
the desert cat of southern Asia, and the 
sand dune cat of the Middle East and Afri- 
ca. Felines that are patterned like our do- 
mestic tabby cats include: the true wild cat, 
still found in remote areas of Europe; the 
black-footed cat, which is an African cat 
only 35 centimeters long excluding its 15- 
centimeter tail; and the African (or Egyp- 
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tian) wild cat, from which our house cats 
have probably been derived vutheast 
Asia there are two plain-cok short- 
legged felines with stubby tail he flat- 
headed cat, which is dark brow ve and 
white below, and the Borneu ay cat, 
which is a reddish chestnut all 
LYNX 

The lynx is a large, powe at. The 
lynx is heavy-bodied and may sure up 
to one meter in length. Its gı i gray- 
brown fur is rather long. It hi \ort tail 
that juts from high hindquarter t gently 
slope toward the lower forequ: A ruff 
of hair is at the throat, and hai: project 
from the high, pointed ears. T! s5 paws 


are wide and padded for trave 10W. 


There are lynx population vughout 
Europe, Asia Minor, and norti Asia. It 
is found in the northern of the 
United States (including Alask in var- 
ious parts of Canada. 

The lynx is primarily a fe animal. 
Sometimes, if food becomes sc: the cat 
will prowl far out on the tundro. lis large, 
fluffy feet serve effectively as wshoes 
that pace over the snow withou king in. 
The animal climbs trees and swims well, 
but does its hunting on the ground. Though 
powerful enough to pull down a deer, the 


lynx preys chiefly on the snowshoe hare. 
When the hares decline drastically in num- 
bers every seven to ten years, hundreds of 
lynxes die of starvation. 

Lynxes are usually solitary, but sever- 
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The bay lynx, better known as the bobcat, 
lives in the rugged mountainous regions of 
the United States and Mexico. It preys On 
rabbits and rodents. 


A thr th-old Siamese 


is nu a three-month- 

old lic nestic cats were 

proba rived from the 

Africas i cat. The many 

breed y in size, color- 

ation type of hair. 

al of th» animals are sometimes seen travel- 
ing or hunting together. The lynx makes its 
lair in a hollow log, or in the shelter of a fall- 
en ti or under an overhanging ledge. 
Here the two to four kittens are born to the 


vho mates in the late winter. 

The bobcat, or bay lynx, is a smaller, 
short-haired lynx that inhabits forests, 
swamps, deserts and mountainous country 
of the United States and Mexico. It hunts 
rabbits and other small animals and may 
travel nearly 40 kilometers in a night over 
an irregular hunting route. The Isabelline 
lynx lives in southern Europe. 


CARACALS 


In the hot and dry areas of Africa and 
southern Asia is found the caracal, a slen- 
der, lynxlike feline with a short, reddish 
brown coat, Long plumes of hair tip its 
ears. A very agile and quick animal, the 
Caracal can catch a gazelle and captures 
flying birds by leaping into the air and 
knocking them down. Another lynxlike fe- 
line, the jungle cat, prowls the forests, dry 
Scrub, and tall grass areas of eastern Asia 
and northern Africa. 


fema! 


SERVALS 


The serval is a somewhat untypical fe- 
line of equatorial Africa. It is similar to a 
lynx in being long-legged, long-eared, and 
short-tailed, but is a more slender animal 
with golden buff fur strikingly blotched with 
black. The serval lives in the long grasses of 
the open plains and hunts small game. 


The serval of equatorial Africa is a fast runner that 
hunts both during the day and at night. 
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The trunk is th phant's 
chief tool. He Indian 
elephant uses unk to 
splash water on itself and its 
young. Elephant ng stay 
close to their mothers for 


three years. 
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ELEPHANTS 


Elephants are the largest land animals 
existing today. Of all living animals, only 
some whales are larger. Today elephants 
are found in Africa, India, Sri Lanka, and 
adjacent areas of Asia. 

Elephants are tall animals with large 
heads and bodies. The head has two distin- 
guishing features: a very long trunk and 
ivory tusks. The trunk is really an elongat- 
ed snout and upper lip. It is the animal’s 
chief tool. The tusks are elongated, special- 
ized teeth that the animal uses as a weapon 
and for digging. 

Although the skull is large, the bones 
have many cavities and air spaces, making 
it less heavy than if it were solid bone. The 
backbone, to which are attached many ribs, 
serves as a girder balanced on the strong 


ELEPHANTS 


forelegs. The large, heavy head counterbal- 
ances the weight of the body. The hind legs 
provide the chief thrust in walking or run- 
ning. Elephants, despite their huge size, 
walk on their toes. There are usually four 
toes on each foot. 


TWO TYPES 


Elephants are members of the group of 
hoofed mammals, or ungulates. They make 
up the order Proboscidea. This order has 
only two genera: Elephas, which includes 
the Asian elephant, and Loxodonta, which 
includes the African elephant. There is only 
one species in each genus. 

The two species—the African ele- 
phant (Loxodonta africana) and the Asian 
elephant (Elephas maximus) —differ in 


size and in the size and structure of the ear 
and tusks. The African elephant is slightly 
larger than the Asian elephant. 
ican bulls normally reach three to 
ers, and a weight of 5,000 to 7,500 
ns. Occasionally individuals taller 
meters have been found. Females 
one-half meter shorter, on the 
than the bulls. Asian bulls usually 
eight of three meters. One conse- 
f the African elephant’s greater 


n 


quence 
size i it it rarely lies down after reaching 


maturity. As the animal grows older and 
larger »ecomes more and more difficult 
for it lift its great bulk to a standing 
posi once it has reclined. It may spend 
the last thirty or forty years of its life on its 
feet even while sleeping. Asian elephants, 
on the contrary, lie down quite regularly. 


Only the old ones sleep on their feet. 
I are a few other differences be- 


t 


tween African and Asian elephants. Afri- 
can elephants have a somewhat sway- 
backed appearance, with the high point of 
the back near the shoulders or rump. They 


have longish faces and large, fan-shaped 
ears ın elephants, on the other hand, 


have a straight or arched back with the high 
point near the middle, small faces, and 
smaller, triangular-shaped ears. 

TRUNK 


The elephant’s trunk is a powerful, 
muscular organ. From an exaggerated, pig- 
like snout that was present in the animal’s 
ancestors, the elephant fashioned a trunk 
that was capable of grasping objects. The 
powerful muscles needed to manipulate it 
arose chiefly from those parts of the facial 
muscles that other mammals use to move 
the sides of the nose. As a consequence, the 
trunk of modern elephants is far more satis- 
factory than a long neck, for not only can it 
reach the ground but it can also be moved 
upward, backward, and sideways. 

The elephant can do a great many 
things with its trunk, It uses the organ, for 
One thing, to draw in water. However, con- 
trary to popular belief, it does not actually 
drink water through the trunk. Water is 
sucked into the organ and is then sprayed 
Into the mouth. 


The trunk is also used to convey food 
to the mouth. By means of this useful or- 
gan, the elephant can feed on the vegetation 
on the ground and in the trees above its 
head. Among the big animal's favorite 
foods are the tender twigs and branches 
from the upper limbs of trees. Occasionally 
the twigs are too high for even the trunk to 
reach. In this case, the animal solves its 
feeding problem in a remarkably simple 
way: it pushes the tree over, using its head 
as a battering ram. 

The trunk of the elephant serves as a 
sort of fifth limb, and a very powerful one, 
too. With it, the animal has been known to 
lift as much as four or five hundred kilo- 
grams. It does not carry heavy loads on its 
trunk, however. A ponderous log, say, 
would be lifted by the trunk to a position 
across the tusks and then held in place by 
the trunk. 

Strong as the elephant’s trunk is, it is 
capable of quite delicate work. On the end 
of the elephant’s trunk, there are one or two 
lobes, which the animal can manipulate 
with great dexterity. The lobe of the trunk 
is also a very sensitive organ of touch. 

The trunk serves as the elephant’s or- 
gan of smell, and the animal depends to a 
considerable extent on its sense of smell — 
one of the most acute in the animal king- 
dom —to keep it in touch with what is going 
on. The trunk is constantly in motion, sniff- 
ing the air and inspecting the objects in the 
immediate vicinity. 

The trunk developed through one of 
those experiments of nature whereby, as an 
animal changed in size or habits, it changed 
its means of getting food. Since the early 
elephants were browsing animals, it seems 
that as they grew in stature, they either had 
to increase the length of their necks or find 
another way to reach the ground with their 
months. The head was so heavy that it was 
impossible to grow a longer neck and the 
accompanying muscles to support it. In- 
stead, the early elephants developed elon- 
gated lower jaws. 

As the lower jaws lengthened, the nose 
and upper lip gradually grew beyond the 
upper jaw. But as the snout, or trunk, in- 
creased in length, the necessity for the long 
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An African elephant giving 
itself a dust bath. Elephant 
skin is thick and dry but sen- 
sitive. Elephants will often 
throw dust over themselves 
to dislodge insects that may 
be on their heads and backs. 


lower jaw disappeared, As a result, this jaw 
began to shorten, and the trunk became the 
means for getting food. The two remaining 
incisor teeth of the elephant’s upper jaw 
developed into continually growing tusks. 
The tusks were weapons and also served 
perhaps to dig up roots. 


INTELLIGENT WORKERS 


Elephants are nomadic. They travel in 
herds of two hundred or more under the 
guidance of a big bull. The diet is strictly 
vegetarian. The herd moves from one place 
to another in search of fodder. The big 
animals lumber along, in single file, at 
about 10 kilometers per hour. 

There is no doubt that the animal is 
one of the most intelligent of the mammals, 
but there is much disagreement as to how it 
compares with the dog, the horse, and the 
great apes. The intelligence of elephants is 
attested in many ways. They have been 
taught to understand as many as twenty- 
five different commands. The big animals 
have been known to make tools for their 
own use. They remove branches, strip them 
of all but the topmost leaves, and use them 
as fans to brush away flies. Sometimes they 
pull up stakes and use them as back-scrap- 
ers. In passing spears to their riders, the 
animals have been trained to present them 
handle first. When traveling through a 
wooded area, an elephant will protect its 
rider from low-hanging twigs and branches. 

Elephants are noted as work animals. 
Among other things, they have been used 
for centuries in logging operations in India 
and Burma. 
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MUSTH AND REPRODUCTION 


At certain times of the year, African 
elephants and Asian male elephants go into 
a condition of excitement known as musth. 
During such periods, a strong-smelling liq- 
uid runs from glands near the eyes and the 
animals seen ill-tempered and excitable. 
The exact meaning of musth is not known, 
though it is thought to have some sexual 
function. Elephants tend to mate more fre- 


quently during musth than at other times, 


but they may mate at any time. The period 
of gestation is about 21 months The fe- 
males bears a single calf at each birth. 
She is often assisted at the birth by other 


female elephants, then known as “aunties.” 

An elephant calf stands about one 
meter tall, weighs about 100 kilograms, and 
is covered with hair at birth. The calves 
are suckled on a single pair of mammaries 
between the mother’s forelegs. 


EVOLUTION 


Modern elephants are two descendants 
of a long line of animals that goes back 
some 40,000,000 to 50,000,000 years. That 
line includes the mastodons, the mammoths, 
and numerous more primitive elephantlike 
types. A 

The earliest known member of this line 
was Moeritherium of Africa. A compara- 
tively puny creature, it stood only 50 centi- 
meters high. It possessed small tusks on 
both upper and lower jaws, and it probably 
had a short snout, like that of a tapir. From 
this type at least two branches of elephant 
development arose. 


One branch led to the: Dinotherium of 
Eurasia and Africa. It was a distinct type of 
elephant having down-turned tusks on the 
lower jaw. It became extinct perhaps less 
than 1,000,000 years ago. 

The other branch led to the Gom- 
photherium of Africa, Eurasia, and North 
America. This animal, which had elongat- 
ed, tusk-bearing upper and lower jaws, 
flourished some 25,000,000 years ago. 
From this long-faced elephant came masto- 
dons, (some of which had a lower as well 
as an upper pair of tusks); mammoths; and 
present-day elephants. The mammoths 
differed from the mastodons in having a 
much higher and shorter head and a short, 
tuskless lower jaw. Our modern elephants 
resemble the mammoths more closely than 
the mastodons. 

Woolly mammoths were depicted quite 
frequently in Stone Age drawings. Well- 
preserved carcasses of these huge animals 
have been found embedded in the soil of 
Siberia. Apparently they had bogged down 
in deep mud, which later became frozen. 

In the early part of the nineteenth cen- 
tury, a mammoth was discovered in a mar- 
velous state of preservation near the mouth 
of the Lena River, in Siberia in the Soviet 
Union. Its flesh and hair and internal or- 
gans were intact. In fact, its last meal was 
still undigested in its stomach. Its brain was 
quite uninjured. 

Mammoths measuring four meters in 
height have been found, but the average 
seems to have been about three meters. 
These animals were comparable in height, 
therefore, to the elephants of the present 
day. Mammoth tusks were very long—in 
extreme cases, over three meters. The 
mammoth was covered with very long hair 
that almost reached the ground. The tail 
was short. A tuft at the end was provided 
with stiff bristles. The ears were small and 
they were covered with fur. 

Apparently the mammoth was the only 
member of the elephant family that became 
adapted to conditions of extreme cold. In 
France, it maintained itself until toward the 
very end of the glacial period. It may have 
survived even longer in the tundras of 
northern Siberia. 


HYRAXES 


Few people have ever heard of hyrax- 
es, much less seen them. Hyraxes are 
plump, furry, rabbit-sized animals that re- 
semble rodents. Actually, hyraxes are close 
relatives of the elephants. 

Hyraxes are less than one-half meter 
long and they weigh about four kilograms. 
They have long incisor teeth that corre- 
spond to elephant tusks. These incisors 
grow throughout the animal’s life. 

Hyraxes are herbivorous animals. 
They are unique among the mammals in 
having two appendixes. The larger of the 
two is used to break down cellulose, the 
very hard-to-digest ingredient of plants. 

The gestation period is about seven 
or eight months long. Depending on the 
species, one to three young are born. 

There are three genera of hyraxes: the 
tree hyraxes, which live in the forests of 
central and southeastern Africa; the rock 
hyraxes, which live on the mountains, 
plains, and steppes of Africa from Ethiopia 
to Angola; and the cape hyraxes, which are 
found along the Nile and across central and 
southern Africa. 


Strange as it may seem, these furry, rabbit-sized 
animals known as hyraxes, or conies, are related to 
elephants. 
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Domestic pigs are important commercially 
throughout much of the world. Left: a domestic 
pig with its litter. The young may reac rity 
before the age of one year. All domestic pigs 
are derived from the European wil joar 
(above). A related species of pig, the war gof 


Africa, is shown on the opposite page 


PIGS AND HIPPOPOTAMUSES 


“Dirty as a pigpen.” “Eat like a hog.” 
Is the pig being unjustly criticized or are 
these expressions fitting to describe messi- 
ness and overeating? Pigs, in fact, are 
cleaner than many other farm animals. And, 
they do not typically overeat. 

Pigs and peccaries, as New World pigs 
are correctly called, are medium-sized 
mammals. They have a giant relative — the 
hippopotamus—the second largest land 
animal in the world. 


PIGS 


Pigs are not highly specialized and 
therefore can adapt to many environments. 
This probably accounts for their success in 
establishing a worldwide distribution. 

Pigs are from 50 to 100 centimeters 
long and 25 to 100 centimeters tall. They 
may weigh more than 300 kilograms. They 
generally have heavy bodies and longish, 
rather pointed heads. Most species have a 
movable, squarish snout with a strong tip 
with which the animals root for their food. 
Pigs and peccaries are omnivorous. 

Pigs and peccaries are social animals. 
They typically live in small groups. Body 
contact between group members is fre- 
quent. Pigs living in the wild usually have 
one litter per year. After a gestation period 
of 4 or 5 months, two to 14 piglets are born. 


PIGS AND HIPPOPOTAMUSES 


They can live as long as 25 years. 

Bush pigs (Potamochoeru 
are found in all parts of Africa south of the 
Sahara and on the island of Madagascar. 
They are small and have sharp canine teeth. 
Some are handsomely colored. 


CUS) 


The warthog, Phacochoerus althiope- 
cies, is an agressive animal found in open 
areas in Africa. It has rather large skin 
warts, well-developed canine teeth, and 


calloused wrists on which it walks 

A very large pig, the giant forest pig, 
Hylochoerus meinertzhageni, is found in a 
few places in Africa. 

A pig native to southeast Asia, the 
babirusa (Babyrousa babyrousa) has ca- 
nines that curve backwards to such a large 
extent that they reenter the upper jaw. f 

Wild boars (genue Sus) are found in 
Europe, tropical Asia, and northern Africa. 
The domestic pig is derived from a wild 
boar species— Sus scrofa. The many vari- 
eties of domestic pigs are important com- 
mercially throughout most of the world. 
They are a source of pork, ham, bacon, 
sausage, and many nonfood products, in- 
cluding soap, leather, and some drugs. 


PECCARIES 


Peccaries are the pigs of the New 
World. They resemble Old World pigs but 
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differ from then in internal anatomy. 
The peccaries are small, up to 55 centi- 


meters and weighing 20 to 30 kilo- 
grams y lack external tails. Two to four 
young orn after a gestation period of 
about | ays. 

The collared peccary, Tayassu tajacu, 
has a stripe behind its head. The rest 
of its coat is dark brown. It is found from 
the U.S. Southwest to central Argentina. 


The hite-lipped peccary, Tayassu 
albirostris, ranges from Central America to 
central Argentina. It lives in large herds. 


HIPPOPOTAMUSES 


_ The word “hippopotamus” comes 
from two Greek words meaning “river 
horse.” The animal is a river-dweller, in- 
deed, but the “horse” part of the name is 
not particularly appropriate, because the 
hippopotamus is allied to the pig family. 

The hippopotamus is the second larg- 
est land-living animal, by weight, in the 
world. The average specimen weighs about 
3,500 kilograms. The massive head alone 
may weigh a 1,000 kilograms. The animal is 
from 3/2 to 4 meters in length and stands 
over one meter at the shoulder. The huge, 


The hippopotamus, a giant pig, 
is the second largest land ani- 
mal, by weight, in the world. 


barrel-shaped body is supported by short, 
pillarlike legs. The skin is very thick over 
most parts of the body. 

Hippos live in herds of twenty to thirty 
individuals. Each herd keeps to the river 
most of the day. Hippos can remain under 
water for as long as thirty minutes, The 
normal interval, however, is five to ten 
minutes. The animals can float or sink to 
the bottom, sealing their nostrils and ears 
voluntarily. Hippos are excellent swim- 
mers. They can also walk along the river 
bottom at quite surprising speed—over 10 
kilometers per hour, according to certain 
authorities. The hippo feeds voraciously on 
river growths, and may consume about two 
hectoliters in a day. 

At night, the members of the herd oc- 
casionally leave the river to feed along river 
banks. On land, the animal can walk about 
as fast as a man and it can even gallop after 
a fashion. While it is on land, special skin 
glands pour forth on oily, reddish liquid that 
prevents the skin from drying out. 

Hippos mate once a year. The bulls 
fight savagely at mating time. After a ges- 
tation period of about nine months, a sin- 
gle calf is born. It weighs about 50 kilo- 
grams, and its weight increases rapidly. It 
travels on its mother’s back. 

There are two living species belonging 
to the family of the Hippopotamidae. The 
common hippopotamus, Hippopotamus 
amphibius, once had a wide range, but is 
now restricted to a portion of Africa, north 
of the Republic of South Africa. The pigmy, 
or Liberian, hippopotamus, Choeropsis 
liberiensis, is found in Liberia and Sierra 
Leone. It stands less than one meter tall, 
is about two meters long, and weighs about 


180 kilograms. 


CAMELS AND LLAMAS 


To many people the word “Sahara” 
brings to mind camel caravans crossing 
vast arid expanses. Indeed, camels have 
often been pictured as beasts of burden that 
hardly ever tire or thirst while crossing the 
desert. This image, however, gives only a 
limited view of the camel. 

Camels and llamas are cud-chewing, 
even-toed, hoofed mammals. They are both 
classified in the camel family. Camels are 
distinguished by one or two large humps on 
the back. 

The oldest remains of camel-like ani- 
mals were not found in Asia or North Afri- 
ca, the regions where the modern camel is 
found. Interestingly enough, the oldest fos- 
sil pre-camels were found in North Ameri- 
ca. The oldest remains indicate that a camel 
ancestor that lived 58,000,000 years ago 
was a very small animal—about the size of 
a rabbit. 

The main line of camels is believed to 
have descended from an animal called Pro- 
camelus. The modern camels did not 
evolve in their present locations. They mi- 
grated from North America to North Africa 
and Asia about 2,000,000 years ago. By the 
end of the Pleistocene epoch—about 


The alpaca is a member of the camel family, and is 
a subspecies of llama. Alpacas, unlike llamas, are 


not used as pack animals—they are sheared for 
wool. 
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10,000 years ago—there wí 10 more 
camels in North America. 

Llamas migrated from Nori) America 
to South America as recent! the last 
glacial period. 

CAMELS 

Camels belong to the ger Camelus. 
They are large animals. Camı Ly grow 
to three and one-half meters | and two 
to two and one-half meters high. They may 
weigh up to 650 kilograms. | vave cal- 
louses on the feet, legs, ell knees, 
throat, humps, and tail. Heavy lids and 
eyelashes protect their eyes fr ry desert 
winds. There is a pair of glands he back 
of the head that secretes a b! creamy 
substance. 

The humps on the camel's back are for 
food storage. Instead of having "at distrib- 
uted throughout the body, it is concentrated 
on the back. This allows most ©! the cam- 
el’s body —without fat insulat to lose 
heat rapidly—an adaptation for its life ina 
warm environment. 

Stories about camels never needing to 
drink are greatly exaggerated. The animals 
can, however, endure lack of water for pro- 
longed periods of time. A camel can some- 
times lose up to 22 per cent of its body 


weight through water loss. After a long 
drink, however, the camel’s body begins to 
fill out once again. The camel loses water 
from its body cells, not from its blood, 
where it is necessary for temperature con- 
trol. A variety of special body mecha- 
nisms — including low urine output — enable 
the camel to tolerate wide changes in water 
content and body temperature. 

There are two kinds of camels: the 
two-humped, or Bactrian, camel, Camelus 
ferus bactrianus, and the one-humped cam- 
el, or dromedary, Camelus dromedarius. 

The Bactrian camel is found in central 
Asia and the Middle East. A wild form. 
Camelus ferus ferus, with smaller, more 
upright humps, is found only in central 
Asia. The dromedary is found in the Middle 


orth Africa. Where the ranges of 
dary and the Bactrian overlap, 
s— often fertile— occur. 

Carmels have a very short mating sea- 
emale camel carries her unborn 


son. T 

young for somewhat over a year. A single 
young pn while the female stands. The 
newb imel can walk within a few hours 
and b time it is two days old it is very 
sure-f d. The young camel is nursed for 
over a 

LLAMé 

Llamas are the smaller members of the 
came! They are generally one to two 
meters or a little more in length and from 70 
to 130 meters high. They can weigh up 
to 75 kilograms. Llamas do not have humps 
on their backs. 

Tt are two wild kinds of llamas. 
The gi co, Lama guanicoé, is the larger 
of the t vild types. The domestic llama, 
Lama nicoé glama, and the alpaca, 
Lama guanicoë pacos, are derived from 
this wild type. The vicuña, Lama vicugna, 
is the smaller wild type of llama. 

Gua s are rare today. They live 
only in high mountains of Peru, Chile, 
and neighboring areas. 

The male domestic Ilama is used as a 
pack animal in the high mountains of South 
America. The female is not used as a pack 


animal, but is sheared for wool, although 
the wool is not very valuable. 

The alpaca, on the other hand, is not 
used as a pack animal, but is sheared for its 
valuable wool. Its wool is much longer than 
that of the domestic llama. 

The vicuña has an even more restrict- 
ed range than the guanaco. The Indians liv- 
ing high in the Andes use the vicufia as a 
source of wool. 

During the breeding season llama 
males are agressive toward one another and 
also toward females that are reluctant to 
breed. Females are kept in harems of 15 to 
20 individuals headed by one male. The 
gestation period is about 11 months, Usu- 
ally, only one young is born at a time. All 
four types of llama will interbreed in captiv- 
ity. The crosses of all four produce fertile 
offspring. 
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There are two types of camels. Top: the dromedary 
is found in the Middle East and North Africa. These 
camels are easily identified because they have only 
one hump. Bottom: the Bactrian camel is the two- 
humped kind of camel. The Bactrian camel is found 
only in Asia. Fertile offspring can result from a 
cross of these two species of camel. 
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A large member of the deer family—a caribou of northern Ca 
both male and female have antlers. A closely related Eurasiar 


as the reindeer. 
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THE DEER FAMILY 


The deer and their kin belong to the 
large group of even-toed ungulates, or 
hoofed mammals. Besides the deer family, 
this group inclues pigs, hippopotamuses, 
camels, giraffes and cattle. 

About one hundred known species of 
deer occur widely distributed over North 
America, Europe, and temperate Asia. 
Several species inhabit South America and 
the Mediterranean coast of Africa, They 
are found in forested and mountainous 
areas, in brush country and swamps, on 
grassy plains, and on the arctic tundra. 

The earliest known deer were small 
creatures living in the forests of Eurasia 
some 25,000,000 years ago. Some of the 
early deer had no antlers but developed 
tusklike canine teeth. The heads of other 
primitive members of the family had bony 
projections that were covered with skin and 
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n caribou, 

is known 

that were never shed. As evolution pro- 
ceeded, some species of dee! increased 
greatly in size. They included a gi int Moose 
that lived in North America something like 
a million years ago. The Irish elk of Europe 


; sarried á pon 
was another huge animal. It carried a por 
derous set of antlers. 


GENERAL CHARACTERISTICS 


The members of the modern deer fami- 
ly are swift-footed and have keen vision 
and an acute sense of smell — valuable EA 
sets to animals that are constantly hunte 
by carnivores. All the animals of the group 
are herbivores, or plant eaters. They fee 
upon such vegetation as grasses, wi 
leaves, and acorns, which they grind w 
their broad molar teeth, provided v 
ridged surfaces. They share with came i 
giraffes, and cattle the habit of ruminating, 


or ches a cud. In this process, partially 
digested vegetable matter—the cud—is 
brought back from one compartment of the 
stomach “or prolonged chewing before it is 
returned for further digestion to another 
compartment. 

The males of various species of deer 
grow striking antlers of bone. The females 
of the reindeer, or caribou also have ant- 
lers. T species that have antlers shed 


them every year. 
The velvety growths expand, elongate, 


and fir branch out. The developing ant- 
lers ar ngy and filled with the blood 
that by nourishment needed for growth. 
In tim blood supply is cut off, growth 
ceases, ead the antlers harden. The velvety 
skin dries and comes off in shreds. The 
deer, by rubbing them against tree trunks 
and branches, helps rid its antlers of this 
dead skis, Antlers serve as weapons when 
the males contend against one another for 
possession of females during the autumn 
mating season. In late winter or early 
spring, the antlers are shed. New antler 


growths appear very soon afterward. Red 


deer and caribou are known sometimes to 
eat their shed antlers. This seems to occur 
when the animals lack calcium and other 
mineral salts in their diet. 

LIFE IN HERDS 


Most species live in groups, the males 
normally joining the females only at breed- 
ing time. After mating, the males abandon 
their mates or harems to associate in herds 
of their own sex. Some of the animals take 
up a solitary existence. The females, ac- 
companied by young, form their own herds 
and roam together over a fairly well defined 
range, the size of which usually depends 
upon the abundance of food. These herds 
are led by an older, but still reproductive, 
female leader. Social behavior such as this 
is typical with the red deer. Eight months 
after mating, the females give birth to one 
or, rarely, two white-spotted fawns. The 
a closely follow the parent for some 
ime, 


MANY DIFFERENT KINDS 
The approximately 100 known species 


of deer are classified in the family Cervidae. 
The family is divided into seven subfam- 
ilies: the musk deer, muntjacs, true deer, 
water deer, American and roe deer, the 
moose, and reindeer or caribou. 


MUSK DEER 


Musk deer are members of the subfam- 
ily Moschinae. There is only one genus— 
Moschus. 

Musk deer live on wooded mountain- 
ous slopes of central and eastern Asia. 
They are the most primitive of living deer. 
The male does not carry antlers but grows, 
in the upper jaw, enlarged canine teeth that 
form curved tusks. 

Musk deer stand about 50 centimeters 
at the shoulder. They are compact, and 
have thick, sturdy legs, large hoofs, long 
and thick hair, and a very short tail. A gland 
on the belly secretes on aromatic substance 
called musk, which probably serves to at- 
tract the sexes during the mating period. 
Except at this time, in January, male musk 
deer are solitary, hiding by day and feeding 
and moving at night. Small groups are 
formed by females and their young. 


Deer are often found in herds that number over 100 
animals, These caribou are migrating across their 
range in Lapland, a region in Finland where these 
animals are often domesticated. 
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MUNTJACS 


Muntjacs (genus Muntia: and tuft- 
ed muntjacs (genus Elapho: make up 
the subfamily Muntiacinae. 

Muntjacs, or barking dee © a group 
of small, shy deer that inhabit forests of 
southeastern Asia. Males carry tusks and 
also short antlers, which gro »m bases 
on the forehead. Muntijacs, a e related 
tufted deer, do not form group the wild. 
TRUE DEER 

The true deer of the sub ly Cervi- 
nae have longer antlers than the :nusk deer 
or muntjacs. There are four genera: fallow 
deer, axis deer, red deer, and Père David's 
deer. 

Fallow deer. The small low deer 
(genus Dama) is striking colo; 1 summer 
with orange-red brown profi spotted 
with white. The male’s antlers assume a 
palmate, or hand-shaped, structure at the 
top. In their native Mediterranean region, 
fallow deer form small bands, which hide in 
thickets during the day. Large herds are 
kept in a number of European ; S. 

A larger relative, the Persian fallow 
deer, had smaller and nonpalmate antlers. 
At one time, it ranged from Asia Minor to 


Iran. However, Persian fallow deer have 
not been seen in several decades and are 
believed to be extinct. 

Axis deer. Probably the handsomest 
deer is the axis deer, or chital, of the genus 
Axis. This graceful, medium-sized animal 
sports a rich reddish coat that is vividly 
spotted through all seasons. Large herds 
roam the plains and foothills of India. Allied 
with the chital is the hog deer of southeast- 
ern Asia. This is a small, meager-antlered, 
thick-bodied creature. Chiefly nocturnal, 
it associates in twos or threes in grass 
jungles. 

Red deer. Red deer, which belong to the 
genus Cervus, are found in Europe, Asia, 
North America, and northern Africa. They 


Fallow deer and axis deer are true deer. Top: the 
axis deer, or chital, of Asia. It is a medium-sized 
deer that remains spotted throughout the year. Bot- 
tom: a small fallow deer with her calf. 


prefer moorlands with running brooks or 
forests of deciduous trees interspersed with 
meado They are handsome animals, 
wearing a sleek reddish brown coat in sum- 
mer, Y ) becomes grayer during the win- 
ter. Bi nlored hairs cover the rump. 
Standing somewhat over one meter, the red 
deer i proportioned and carries itself 
most g ‘ully. The male normally has six 
point ines, on each of its beautifully 
shaped antlers. 

Redd usually remain hidden during 
the da roam in search of food at dusk. 
The a t of humidity seems to control 
herd movements. In very humid weather, 
the de ) not travel far. When the air is 
dry, the >p on the move. It is suggested 
that h favors the deer by carrying 
scents to a greater degree, thus allowing the 
deer to rely on the sense of smell for safety 
rather 1 on perpetual movement. A lone 
deer w əst with its back to the wind. It 


scans the area to the front of it and depends 


on its olfactory sense to tell of danger at the 
rear. Whenever a herd rests, one or several 
deer watch in all directions. With the wind 
blowing toward him, a person may walk to 
within a few hundred meters of a herd. The 
deer stare and uneasily stand their ground. 
During most of the year, a number of 
stags associate in a loosely-organized band, 


which is not dominated by any particular 
group leader. The animals wander over a 
fairly definite home range, keeping to lower 
valleys and meadows during winter and 
ascending to higher elevations in summer. 
This range provides ample feeding areas 
and deer wallows, where the animals roll 
about in the mud. 

Closely knit bands of females, or 
hinds, have their own separate home 
ranges. The lead hind controls the move- 
ments of her followers, usually consisting 
of her own female offspring and their calves. 
She is ever on the alert, watching, listening, 
and sniffing the air. When she senses dan- 
ger, she emits a sharp, staccato bark. The 
group immediately stops all activity and 
becomes watchfully motionless until the 
lead hind resumes normal activity. Ý 

During the brief rutting, or mating, 
season, in September or October, stags 


invade the hinds’ range and establish tem- 
porary harems. Each male gathers a num- 
ber of females and fights for his position 
against contending stags. The animals vig- 
orously push against each other with their 
antlers, measuring their relative strengths. 
Each stag dominates his harem in the sex- 
ual sphere only. If danger threatens, the 
hinds gather around their accustomed fe- 
male leader. After mating, the males go off 
to their winter range. They shed their an- 
tlers in early spring. 

Fawns are born in the spring. The fe- 
males never wander far away from their 
young and return frequently to nurse them. 
If an enemy comes near, the fawn “‘freez- 
es” on the spot. This “freezing” plus the 
camouflage pattern of its spotted coat is 
usually ample protection against predators. 

The red deer of North America is the 
American elk, or wapiti. It is a magnificent 
creature with a shoulder height of 11/2 me- 
ters. Generally reddish brown, it has a pale 
yellowish rump patch and a short white tail. 
Wapiti usually live in the semi-open forests 
and highlands of the Rockies and rain for- 
ests of northwestern North America. They 
move in summer to higher elevations, 
which are free from mosquitoes and flies, 
and come down into the valleys when win- 
ter snows are heavy. Browsed vegetation, 


A red deer—a royal stag—of Scotland. Red deer 
live in separate bands of males and females. They 
mingle only during the mating season. 
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low broken tree branches, bark scraped 
from aspen trees, and mud 
signs of the wapiti’s home rang« 

In September and Octobe ulls seek 
out cows, collecting as large 2 harem as 


they can maintain. The males announce 
their presence, as a challenge and threat to 
rival bulls, by bugling. This rant call 
begins in a low key, ascends t igh pitch, 
and then abruptly drops in a s« Fights 
between disputing bulls are savage, though 
they seldom end fatally. The » vals, with 
necks swollen and nostrils ng, dash 
headlong at one another. Tho e huge 
spreading antlers are sharply | ed, they 
inflict no deep wounds because ‘he spread 
of the antlers serves as a bas’.twork to 
catch the onslaughts. Usually siter two or 
three battering assaults, the weaker bull 
gives up and hurriedly quits the feld. Infre- 
quently, bulls enmesh their ant/ers so badly 
that it is impossible for them to break free 
from one another. The animals exhaust 
themselves and die of starvation 

A powerful bull may gather a harem of 
fifty or sixty cows, but he rarely keeps it. A 
contending male provokes the harem mas- 
ter into battle. While the fight : 
bulls split up the harem into smaller groups 
and each moves off with one of these 
groups as his own. 

At calving time, in the following May 
or June, when one to three calves are born, 
the cows are alone or in twos or threes. 
Shortly after birth, the white-spotted calves 
stand and even take a few wobbly steps. AS 
summer advances, young bulls and cows 
with their calves congregate in herds num- 
bering several hundred. 

Another red deer is the sambar of 
southeastern Asia and the Philippines. 
These large, forest-dwelling deer live singly 
or in small bands. The rusa is a small, light- 
brown colored sambar of Malaysia. 

Other deer closely related to the red 
deer include: the spotted red deer of the 


Top: the Virginia deer, a well-known white-tailed 
deer of North America. Middle: the mule deer, an 
other species of white-tailed deer. Bottom: The 
Chinese water deer, a small deer similar to the 
musk deer. Water deer do not have antlers, but the 
males have tusklike upper canine teeth. 


A male r wapiti. The 

America s a very large 

red de id in forests of 

the stern United 

State: 

Phili I ; Thorold’s deer of western 
China eastern Tibet, which has white 
cheek uzzle, lips, and chest; the Indian 
barasir or swamp deer, whose bright 
reddish summer coat is sprinkled with 
white; Eld’s deer, dwelling in grassy plains 
and marshes in southeastern Asia; and the 
sikas, which are relatively small, spotted 
deer of eastern Asia, Japan, and Taiwan. 


Père David's deer. The deer called Pére 
David's deer, Elaphurus davidianus, is 
unique in that it is unknown in the wild 
state. During the nineteenth century a herd 
of these medium-sized, heavily built deer 
was kept by the Chinese Emperor outside 
Peking. Several animals were brought to 
Europe, and their ancestors are now bred in 
captivity in several parks and zoos. 


WATER DEER 


One genus, Hydropotes, makes up the 
subfamily called Hydropotinae—the water 
deer, 

Water deer are similar to musk deer, 
the males being anterless but having tusk- 
like upper canines. Semiaquatic in habit, 
these deer frequent lowland marshes and 
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brush country of China and Korea. Unlike 
other deer, female water deer bear five or 
six young at a time. 

AMERICAN DEER 


The tribe of the American deer and the 
tribe of the roe deer make up the subfamily 
Odocoileinae. The tribe of American deer, 
the Odocoileini, includes the white-tailed 
deer, the marsh deer, the pampas deer, the 
guemals, the brockets, and the pudus. 
These animals are slightly different from 
the red deer that we have mentioned. They 
are generally smaller in size, lighter in 
build, and have different antlers. 

The Virginia deer is a widely known 
white-tailed deer of the United States and 
Canada. In this species the antlers sweep 
backward and then forward with all the 
tines pointing forward. These deer have 
large ears, and a fluffy white patch on the 
underside of the triangular black-topped 
tail. They are mostly reddish brown in the 
summer and grayish brown in the winter, 
Primarily woodlands deer, they are particu- 
larly fond of the water and feed on aquatic 
plants and grasses. 
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The moose is the largest and most impressive of deer. Moose are often seen near 
lakes and rivers. They are good swimmers. 


The mule deer is also a white-tailed 
deer. It inhabits the west coast of the 
North American continent. It follows regu- 
lar migration routes, spending the summer 
in the mountains and moving to the shel- 
tered valleys in the fall. The mule-deer 
group may be distinguished by their large 
ears, a large white rump patch, and a short 
black-tipped tail. Deer of this type may 
stand one meter at the shoulder and reach a 
length of 11/2 meters, excluding the 20-cen- 
timeter tail. Twin young are born in the 
summer about six months after mating. 
There are several dozen species of mule 
deer, each predominating in a particular 
area, which may be rather large. Thus the 
Columbia black-tailed deer ranges from 
British Columbia to California, the South- 
ern mule deer inhabits the Lower California 
region, and the Sitka deer migrates from 
north of Juneau, Alaska, to British Colum- 
bia. 

The marsh deer is found in the Ama- 
zon Basin, from the Orinoco River to the 
Guiana watersheds. This animal has enor- 
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mous ears and large antlers. 1t is lustrous 
red in color and white on indersides, 
with black legs. 

The pampas deer dwells in | he pampas 
and savannas of South America. It isa deli- 
cate animal with simple antlers. It is red, 


but the underside is white. When running, 
this little animal may jump as high as three 
meters. r 

The guemals, or tarugas, occur in the 
high Andean regions from Ecuador to 
Chile. They are heavy-bodied with coarse 
hair and a peculiar salt-and-pepper colora- 
tion. The antlers are rather simple, forming 
a Y as seen from the side, with a long main 
stem and a short tine over the brow. 

The brockets also occur in the Amazon 
Basin. They are wholly nocturnal, as ae 
posed to other deer, which feed at dawn an 
at dusk. The brockets are small and delicate 
and are reddish brown in color. The antler 
are one-tined and straight. The tufted hea 
is an identifying characteristic. 

The pats is the tiniest of all deert 
stands less than 40 centimeters high at t 


shoulder “ad is about the size of a small ter- 
rier, It s in the temperate forest zone of 
the An snd ranges all the way from Co- 
lombiz southernmost Chile. It is colored 
reddis »wn to pale gray and its horns 
consis nall spikes. 
ROE D 

A z the most widespread deer 
groups in Eurasia is that of the roe deer. 
Roe de genus Capreolus of the Capreo- 


leini tri are very closely related to the 


Amer leer, with which they share the 
subfam  Odocoileinae. Four species of 
roe dev: are found from the British Isles to 
easter eria and Korea. These animals 
stand it 70 centimeters high at the 
shoul The antlers are often knobby and 
start tí near the main stem. The tail is 
hardly ible. In summer the roe deer are 
reddish brown, with an orange tone on the 
flanks ı white underside. In winter they 
are brows, with a large white rump patch. 
MOOSE 

The largest and perhaps most impres- 
sive of deer is the moose, or European elk. 
This animal belongs to the subfamily Alcin- 
ae. There is one genus—Alces. This mag- 


nificent beast, which stands on extremely 
long legs, may measure as much as two 
meters at the withers. The male has enor- 
mous spreading antlers. The snout is broad 
and rather pendulous, and a dewlap, or 
“bell,” hangs from the throat. Moose are 
fond of willow thickets and forested up- 
lands in the vicinity of lakes and rivers. 
They browse on leaves, buds, and bark. In 
summer, they consume water plants, which 
they get by wading or sometimes complete- 
ly submerging under water. They are vigor- 
ous swimmers. Moose occur in Canada, 
Alaska, the United States along the Canad- 
lan border, and northern Eurasia. 

During the autumn rut, bulls look for 
mates. They give a hoarse bellow, and a 
cow calls back with a softer, somewhat 
longer bellow. If another bull is near, the 
two fight fiercely for possession of the 
female. The victorious male remains with 
the female for several days and then search- 
es for another cow. 


Usually two unspotted calves are born 
the following May. They nurse for some 
time and may follow the cow until just be- 
fore next year’s calving when the cow 
drives away her yearlings. Females and 
their calves go to high ground in the sum- 
mer and descend to lower country as winter 
approaches. In winter, several moose may 
associate. They tramp down the snow in a 
sizable area, called a yard. 

The powerful bull moose, using antlers 
and forefeet, can kill a full-grown bear. Man 
is practically the moose’s only enemy. 


CARIBOU 


About one hundred years ago caribou, 
members of the subfamily Rangiferinae, 
abounded in the northern United States and 
Canada. Today they are numerous only in 
the Canadian Rockies and the Barren 
Grounds of northern Canada. In the cari- 
bou both sexes are provided with antlers. 
The main stems of the antlers sweep back 
and up from the head, spreading as they 
rise, then bending forward and ending in a 
flattened palm. The animal is large. It may 
stand nearly two meters high at the shoul- 
der. The nose is generally covered with hair 
and there is a pronounced dewlap at the 
throat. The hoofs are broad and the two 
cloven sections are spread wide apart. 
Dewclaws, hoof vestiges, are attached to 
them. The caribou subsists mainly on moss- 
es. The fast, steady trot of the animal pro- 
tects it from one of its enemies, the wolf. 
Man is its greatest enemy, for the flesh of 
the caribou forms the main staple of the 
diets of Eskimos and northern Indians. 

There are various caribou species. 
The Greenland caribou is a small, light- 
colored animal with slender antlers. The 
dwarf caribou is darker and heavier than 
the Barren Grounds caribou. Its antlers 
are stouter and less flattened. It roams the 
evergreen coniferous forests of the north- 
eastern United States into Canada from the 
Great Slave Lake to Newfoundland. In the 
Eurasian arctic region, a species of cari- 
bou— Rangifer tarandus—known as the 
reindeer has been domesticated. It has long 
been used by the Lapps for food, clothing, 
transportation, and many other things. 
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The giraffe is the tallest of the land mammals. It has an unusual style of running, 
but it is very speedy—a good defense against predators. 


GIRAFFES 


The giraffe is the tallest of all living 
land animals. It can grow to a height of 
nearly six meters. The animal is somewhat 
unusual-looking; its body seems to go 
straight up and down. 

Giraffes are long-necked, long-legged, 
spotted animals. The ancient Egyptians 
thought the giraffe was the offspring of a 
camel and a leopard. This idea is reflected 
in the scientific name of the common, or 
Steppe, giraffe—Giraffa camelopardalis. 

Giraffes are classified in two genera of 
the family Giraffidae: the steppe giraffes, 
Giraffa, and the forest giraffes, or okapis, 
Okapia. 


GIRAFFES 


THE STEPPE GIRAFFE 


Today steppe giraffes are found in the 
wild only in Africa south of the Sahara. 
Fossil evidence indicates that they were 
once more widespread, roaming over Eu- 
rope and Asia as well as most of Africa. 

The giraffe’s forelegs are longer thoa 
the hind legs. Hence, the neck is a 
upward instead of forward, sloping the bac 
downward from head to tail. The neck it- 
self, though it has the normal number a 
seven vertebrae characteristic of m 
mammals, is enormously elongated, reach- 
ing nearly two meters in length. The hea 


can | iced on a line with the neck, so as 


to exte the reach still farther. The 
tongue. ‘oo, can be thrust out to an amazing 
exten 

affe is one of the most special- 
ized ( vals. If the tree foliage on which 
it fe re ever to become scarce, the 
anim ild be hard pressed for food. 
Grou eding and drinking water are 
diffic ıneuvers for the giraffe. It must 
strad de with its front legs in order to 
bring nouth in contact with the earth. 
On tł r hand, with its great reach and 
its fi prehensile lips and tongue, the 
anim: readily pluck the leaves of trees 
wher ng 

I ften been said that the giraffe is 
mute wuse it has no vocal cords. But 
girafl utter sounds. They groan when 
they jured. The females call to their 
young when they wander off. 

gists have long been puzzled by 
the g es’ fantastic ability to withstand 
thirst ‘ome arid regions, as far as we 
know, cannot find water for seven or 
eight months of the year. The desert ani- 
mals may, of course, know of water sources 
of whi \en are ignorant. 

The giraffe travels in herds generally 
made up of a full-grown male and several 
females with calves. Larger herds are made 
up of males and females of various ages. 

The giraffe is quite friendly in tourist 


areas. The horns, present in both males and 
females, are useless as weapons since they 
are covered with soft fur. However, the ani- 
mal can deliver a powerful blow with its 
feet or its head. It has been known to kill 
big-cat predators by smashing in their 
chests with its powerful hind legs. 


FOREST GIRAFFES—OKAPIS 


A comparatively short-necked relative 
of the giraffe is the okapi, Okapia johnstoni. 
The okapi is the only species of forest gi- 
raffes. 

The okapi is found in the upper Con- 
g0 region in Africa. The male stands a little 
over 1/2 meters at the shoulder. It has a 
compact body light brown or dark gray with 
light stripes on the belly and legs. Only the 
males have horns. 


Aco Willians/PR 


Gront Heilman 


Top: The okapi, or forest giraffe, a seldom seen 
short-necked relative of the familiar steppe 
giraffe. Bottom: a baby giraffe with its parents 
Only one young is usually born, and it is able 
to run soon after birth 
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Male of the greater kudu. 
This stately antelope stands 
about 150 centimeters at 
the shoulder. Its corkscrew 
horns may be over 120 centi- 
meters long. 


gical Society 


THE ANTELOPE FAMILY 


Antelopes are vegetation-eating hoofed 
mammals. They are closely related to cattle, 
sheep, and goats and are classified with 
them in the family Bovidae. In fact, the 
name “antelope” is generally given to any 
species of the family Bovidae that is ob- 
viously not a sheep, goat, or a member of 
the cattle group. 

Most antelopes are quick-moving crea- 
tures with highly developed senses of sight, 
smell, and hearing. They are generally 
slender and graceful and yet surprisingly 
sturdy. Many of them, such as bongos and 
kudus, have beautiful markings. In size 
these animals range from the dainty little 
royal antelope, which is only about 25 cen- 
timeters in height, to the giant eland, mea- 
suring nearly two meters at the shoulder. 

Like all the members of the Bovidae 
family, the antelopes are ruminants, or cud- 


THE ANTELOPE FAMILY 


chewing animals. Like the rest of the Bovi- 
dae, too, they have unbranched, hollow 
horns which, sheathlike, fit over bony cores 
projecting from the top of the skull. These 
horns are permanently attached and thus 
differ from deer’s antlers, which are shed 
annually. Antelope horns are of different 
sizes and shapes. Some are spiral or lyre- 
shaped; some curve backward; still others 
are short and straight. 


EVOLUTION 


The early ancestors of our modern 
antelopes were small, hornless creator 
which lived in Eurasia about 30,000,00 
years ago. Their forelegs were much short- 
er than their hind limbs. The front teeth, of 
incisors, of the upper jaw were greatly re- 
duced or entirely absent, while the canine 
teeth were only moderately developed. In 


the corse of time, small and relatively 
straig)) horns appeared; the canines were 
lost; i high-crowned molar teeth were 


develo} These enabled the animals to 
grind grasses more effectively. 

j these early grazers arose many 
kinds antelopes, such as the oryx, 
the inger, and the gazelle. About 
6 mi years ago, there appeared the 
cow! itelopes—the eland, the nilgai, 
the £ nd the hartebeest. Our modern 
cattl loped from types such as these. 

I z the period when ice covered 
much he Northern Hemisphere, many 
of the vidae sought refuge in southern 
Asia \frica. Today the true antelopes 
are re ted to those two continents. Of 
the s closely related to them, only 
the | mountain sheep, mountain goat, 
and musk ox established themselves in the 
New d. 


MANY DIFFERENT KINDS 


e are a large number of antelopes. 
They lassified in four subfamilies. The 
Bovinae, in addition to the cattle, include 
the handsome, large African antelopes that 
have spiral horns. Members of this group 
are the eland, bongo, kudu, and bushbuck, 
as well as the nilgais from India. 

A second subfamily of antelopes is the 
Hippotraginae, which include the large 
horselike antelopes such as the addaxes, 
oryxes, and roan, blue, and sable ante- 
lopes, as well as the odd-looking harte- 
beests and gnus, or wildebeests. The 
subfamily also includes the water-loving 
antelopes: waterbucks, kobs, lechwes, 
reedbucks, and rheboks. 

The small African antelopes known as 
duikers make up their own subfamily, the 
Cephalophinae. 

The gazelles and impalas are members 
of the subfamily Antilopinae. Also included 
in this group are blackbucks, springboks, 
dibatags, and gerenuks, as well as the 
dwarf antelopes—the dik-diks, klipspring- 
ers, steinboks, and royal antelopes. 


SPIRAL-HORNED ANTELOPES 


_ The large African eland is similar to an 
ox in build. Belying its size, however, it Is 


an agile, fleet-footed animal. Like some 
wild cattle, it has a dewlap, or flap of skin, 
under the neck. Its long horns, though spi- 
rally twisted, are straight. 

Elands live in partially wooded, par- 
tially open country. To get at leaves and 
twigs, they sometimes break off small trees 
by wedging the trunk between their horns 
and twisting their head. 

The secretive bongo frequents dense 
bamboo forests, where it relies on its keen 
hearing to escape enemies. It is colored a 
chestnut red, striped with white along the 
sides of its body. 

The handsome greater kudu is at home 
in dense thickets of the hill country or in 
tangled scrub and thorn of lower levels. 
When pursued, these antelopes flee to the 
highest and roughest part of their range. 
The kudu may be found from Cape Prov- 
ince in the south to Ethiopia and Somalia 
in East Africa. The lesser kudu, short- 
horned and standing about 100 centimeters 
at the shoulder, is confined to east Africa, 
from Ethiopia to Tanzania. It possesses 
white patches on its throat and chest and 
lacks the long throat mane that is displayed 
by the greater kudu. 

The nilgai of India is an Asian relative 
of the African harnessed antelopes. This 


A female eland and her calf. Elands are large ani- 
mals with straight horns and a dewlap, or flap of 
skin, hanging under the neck. 


Lincoln Park Zoo 
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large and rather awkward creature, with 
stubby, crescent-shaped horns, once 
roamed over a far wider area than it does 
now. The male, or bull, antelope is slate 
blue in color; that accounts for the name 
nilgai, which means “blue bull.” It may 
measure up to 140 centimeters in height. 
The little chousingha, or four-horned 
antelope, is another native of India. This 
species is unique among antelopes, for the 
males wear two pairs of short, spiky horns, 
one behind the other. The fore pair is about 
five or six centimeters long, while the hind 
pair may measure 12 centimeters. The body 
of the chousingha is about one meter in 
length, and the animal stands 60 centime- 
ters at the shoulder. Its coat is red-brown 
with white-streaked underparts. It fre- 
quents the wooded and hilly country of 
peninsular India, away from the jungles. 


ADDAXES, ORYXES, AND THEIR 
RELATIVES 


Another important antelope subfamily 
includes the addax, roan, and sable ante- 
lopes and the oryx. These are large-sized 
beasts, with long, tufted tails, neck manes, 


The beisa oryx of northeastern Africa. When it 
is seen from the side, its profile resembles that of 
the mythical unicorn. 


San Diego Zoo 
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and striped faces. The horns, borne by both 
sexes, are either spirally twisted, curved 
backward, or long and straight. They are all 
native to Africa except the Arabian oryx, 
which ranges from Saudi Arabia to Iraq. 

The addax dwells in the desert regions 
of northern Africa. Its coat is a yellowish 
white, and it has a patch of black hair on the 
forehead. The horns of both sexes are 
ringed, and they form open spirals. 

The roan antelope is found south of 
the Sahara as far as the Orange River in 
southern Africa. It reaches a shoulder 
height of one and one-half meters or more, 
The coat is red-brown, and the belly is 
white. The curving horns of the roan may 
be as long as one meter. 

Another species, the blue antelope of 
southern Africa, was hunted to extermina- 
tion in the early part of the twentieth centu- 
ry. This antelope, resembling the roan ante- 
lope, was a blue-gray in color. 

The sable antelope of central and east 
Africa is a handsome black animal that has 
splendid scimitar-shaped horns. At shoul- 
der height the male sable stands nearly one 
and one-half meters tall. The coat is black- 
brown to glossy black, with a white under- 
streak. 

The pale Arabian oryx has long, 
straight horns, while the white oryx of 
northern Africa bears horns that curve 
backward in a wide sweep. 4 

The gemsbok is another oryx, dwelling 
in the deserts of southwestern Africa. It isa 
big antelope with a pair of straight, slender 
horns measuring more than one meter I 
length. The neck, back, and flanks are @ 
pale red-gray, while the belly is white and 
the head white, marked with black. The 
tufted tail is black. 

The horns of the beisa oryx, of north- 
eastern Africa, are very formidable. 
Though in medieval times it was the long 
tusk of the narwhal that was displayed a 
the horn of the mythical unicorn, it 1$ 
thought that a glimpse of the beisa may 
have inspired a poetic conception of the 
appearance of that one-horned creature. 

_ The body shape of the beisa calls t0 
mind the form traditionally assigned to the 
unicorn. Though the beisa obviously has 
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ì IN OPEN LANDS 


vig antelopes that we have just 
the addax, roan, sable, and 
a great deal like thorough- 
s. Certainly their gait when walk- 
ig, or galloping is quite horselike. 
ificent, high-stepping sable ante- 
) its mane flying, neck arched, and 
n down, resembles a spirited, 
horse. The hoofs of the sable, 
oryx are large, supporting the 
ind well-formed legs. The addax’s 
especially large, an adaptation 
s it easy for the animal to walk 
) desert sand. 
all of these antelopes live in fair- 


ı grasslands and deserts, they must 


st to escape from such predators 
ind wild dogs. The roan antelope 
1 a speed of 50 to 60 kilometers 
ind probably the others of this 


New York Zoological Society 


New York Zoological Society 


The large sable antelope is native to Africa. The 
male sable antelope is about 140 centimeters at the 
shoulder. This antelope arches its neck when it 
runs. 


group can run as swiftly. If the antelopes 
are cornered or wounded, they will fight 
courageously. With quick and powerful 
thrusts of their sharply pointed horns they 
can often hold their foes at bay. African 
natives occasionally come upon the re- 
mains of sable and lion lying together, the 
lion impaled upon the horns of the sable. 
Living in open country as they do, 
these antelopes congregate in small herds, 
probably because a number of individuals 
have a better chance of survival than a sin- 
gle individual or a pair. For one thing, if one 
or several members of a scattered herd find 
food, the others of the group will be attract- 
ed to the food supply by the feeding actions 
of the original discoverers. Approaching 
predators have a good chance of being spot- 


Left: the mountain reedbuck. Only the male of this 
medium-sized antelope has horns 
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ted by several individuals of the group. 
Their reactions will give warning to the 
rest. If attack comes, the herd’s concerted 
defensive action may discourage the enemy. 
The grassland and desert homes of 
these antelopes are devoid of heavy rainfall 
during the greater part of the year. Conse- 
quently, the animals are adapted to survive 
without drinking water. Occasionally water 
can be had by lapping up dew from grasses 
or trickles of rain water from foliage and 
tree bark. But for the most part the ante- 
lopes get the water they need from the 
grasses and succulent plants upon which 
they feed. Possibly, the animals also burn 
up some of their stored fat during the dry 
season. This fat, on being consumed, releas- 
es not only energy but water, too, which 
makes up for at least part of the body’s 
water needs. It is truly remarkable that 
such large herbivores as these can get along 
without drinking water for great lengths of 
time. When the water holes are filled, how- 
ever, these antelopes drink regularly. 
Antelope herds usually number less 
than a hundred members. The smallest 
groups are formed by those species living in 
deserts where food is not abundant. Often 
one or several large bulls assume herd 
leadership. A herd of sable antelopes, con- 
taining ten to eighty individuals, for exam- 
ple, is led by a single adult bull, which has 
to defend its position against all adult males 
vying for leadership. The unsuccessful 
males remain separate from the main herd 
and form a bachelor band of their own. 
During the breeding season, the herds of 
some antelope species break up, with males 
and females forming pairs. The young 
calves and their mothers often remain 
away from the group for a month or two. 


HARTEBEESTS AND GNUS 


The hartebeests and gnus, or wilde- 
beests, are antelopes built for speed and 
endurance. These African antelopes live in 
large herds on open grasslands. Some spe- 
cies of hartebeests frequent arid regions 
where they can live almost entirely without 
water. The gnus depend upon sources of 
water and migrate long distances. 

Relying on speed to escape enemies, 
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the hartebeests can run for some distance at 
65 kilometers per hour. The gnu is even 
faster, making 80 kilometers per hour, 
When excited or stampede the gnu 
prances about and leaps in ti r. Then it 
tosses its head, kicks its hee nd swishes 
its tail as it breaks into a fast trot, which 
soon changes to a gallop. 

Hartebeests and gnus are animals, 
standing high at the should Che back 
slopes downward to the haur The tail 
is long and bushy, similar t« orse’s tail. 


Both males and females carry horns. 


Hartebeests have long, si-nder muz- 
zles. Their horns are ringed and form a V or 
U when seen from the front upper end 
of each horn bends rearward. The gnu’s 
muzzle is long and broad. Tv's of hair stud 
the face, and a stiff mane fringes the neck. 
The horns are smooth, have a widened base, 
and curve first downward and ı upward. 
WATER-LOVING ANTELOPES 

The waterbuck, lechwe, kob, reed- 
buck, and Vaal rhebok are ¿ely related 
antelopes never found far from water. 

The waterbuck is large, while the 
others are medium-sized. Only the males 
have horns, which are moderately slender, 


ridged, and bent in gentle curves 

Waterbucks and kobs graze on par- 
tially wooded grasslands, but take to water 
if danger threatens. Waterbuck males gath- 
er harems of females. After the mating sea- 
son, during which males fight for mates, 
several waterbuck families commonly 
dwell together. Male and female kobs mix 
in herds, except at breeding time, when 
each male gathers several familes into a 
temporary harem. 

The Vaal rhebok prefers hilly country, 
keeping to open mountain slopes by day and 
coming down onto the plains to graze and 
drink at night. Vaal rheboks live in family 
groups of several females and fawns led by 
an adult male. 

The reedbuck frequents dense reed 
beds but when frightened seeks refuge in a 
dry, bushy area. Reedbucks are solitary 
antelopes. Only a female and her fawn are 
bound together for any length of time. 

The lechwe often enters swamps up t° 


its belly to feed on aquatic vegetation. It 
swims strongly when pursued. 
DUIKERS 


rs, or duikerboks, form a sub- 
f small or medium-sized antelopes 
Africa south of the Sahara. Some 
bit the tropical rain forests. 
are at home in bushy country, 

y take cover in the dense thickets. 

orns of the male duikers are short 
‘he females of most species also 


spikes 
have horns. 
Duikers apparently associate in pairs. 


Mating takes place in the month of October, 
and one or two young are born the follow- 
ing April or May. 
DWARF ANTELOPES 

Another subfamily includes the oribi, 


, steinbok, grysbok, royal ante- 
and dik-dik. These African ante- 
», for the most part, small, delicate- 


lopes ¿ 
ly built creatures standing under two-thirds 


r. The oribi is a little larger, and 
ik, suni, and royal antelope are 
rabbit size. The horns, usually worn only 
by males, are small and spikelike. Gener- 
ally these antelopes associate in pairs or are 
solitary 

_ The klipspringer inhabits rocky re- 
gions. It leaps agilely and scales steeply in- 
clined rock faces. Its narrow, high hoofs 


of a me 


A female impala and young running through Afric 
medium-sized graceful, fleet-footed members of the 


give it a firm grip on smooth surfaces. 

The royal antelope and suni are forest 
dwellers, while the dik-dik prefers bush 
country, where it dashes through the under- 
growth like a frightened hare. 

Steinboks and grysboks are found in 
bushy areas and open plains. The oribi lives 
in the foothills and plains, hiding in tall 
grasses and dense thickets. Oribi pairs 
mark their home territory by smearing the 
secretions of special facial glands on certain 
trees and bushes. 


THE GAZELLES 


The fleet-footed gazelles and their al- 
lies—the gerenuk, dibatag, impala, black- 
buck, and springbok—are attractive and 
graceful animals of medium size. Many live 
on semiarid plains or deserts. The impala 
prefers openly wooded, grassy country. 

Gazelles are found widely distributed 
in Africa and southern Asia. The handsome 
blackbuck, which has long horns spirally 
curved like a corkscrew, inhabits India. 

The gerenuk is a slender gazelle with 
an exceedingly long neck and elongated 
legs. It often stands on its hind legs to 
browse on leaves. The dibatag is another 
long-legged and long-necked gazelle. 

Springboks and impalas can make 
long, high leaps. The springbok has white 
hairs on its back. Whenever it is alarmed, 
the animal erects these hairs. 


an grasslands. Impalas are 
antelope family. 
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Generally speaking, lemurs and their 
relatives are small mammals with thick or 
woolly hair and quite large eyes. Some have 
long, bushy tails; others, ratlike tails; a few, 
only a stub. All lemurs grip powerfully with 
their hands and feet, and they fight more 
with their hands than with their teeth. They 
utter grunts, clucking sounds, and piercing 
cries. They are almost completely arboreal. 
They eat insects, fruits, birds, and eggs. 

The lemurs are inhabitants of Mada- 
gascar and several nearby islands. There 
are many different varieties. Perhaps the 
most peculiar of all is the aye-aye 
(Daubentonia), which has rodentlike front 
teeth and long thin fingers, bearing claws. 
The third finger is especially thin, suggest- 
ing a wire. It is used to probe for grubs. The 
aye-aye has big eyes, large ears and a keen 
sense of hearing. The indri (Indri) is the 
largest lemur. It has partially webbed toes 
and a stubby tail. A near relative is the 


Left: a maned marmoset. Marmosets and th 
in South America. Right: a female baboon a 
nized troops 
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eir close relatives, the tamarins, live 
nd her young. Baboons live in orga- 


sifaka (Propithecus), with a long 
membrane of loose skin between upper 
and armpit is used for gliding. 
GALAGOS, LORISES, AND POTTOS 
The lemurlike primates known as th 


galagos, lorises, and 
and Asia. The smal! ga 
bush babies, have lor o 
feet specialized for hopping and jumpin 
They inhabit the African forests and g 
land country. They usi 

family groups, sleepir 
day and hunting for ins 
The galago moistens 
with a drop or two or 
climbing a bit difficult 


sottos live in A 


urine when it finds 


Lorises are almost tailless primate 
with stubby index fingers and shorter mu 
zles than most lemurs. The slow lo 


(Nycticebus) is a heavily built animal, a 
moves most deliberately. It is a native of 


Sou Asia and Indonesia, The slender 


lori ris) of India and Sri Lanka is 
sn id lighter. Like the slow loris, it 
hur ght among trees and bushes for 
fruit leeping birds, The slender loris 
rest ay with its body rolled into a ball, 
ha ping a tree bough, and head 
tuch veen the legs 
frican pottos (Perodicticus) re- 

ser es. They have the typical rudi- 
me .il and index finger. The spines of 
a neck bones protrude noticeably. 
Wh nimal bends its neck, these 
spi k like a row of pegs pushing up 
ber è skin 
TAR 

tiny tarsier (Tarsius) has big eyes, 
larg long hind legs, and a long, naked 
tai \ is tufted at the tip. It moves in 
lon somewhat like those of a frog, 


thr > branches of trees as it hunts 
insi t night. The tarsier dwells in the 
for f the Philippines, Celebes, Su- 
mat id Borneo 
HIGHER PRIMATES 

and monkeys are separated by a 
fairly wide gulf from the lower primates 
tarsi lemurs, and lemurlike animals 
Not only do the higher primates differ in 
outward appearance from their more prim- 
itive relatives, but they display a greater 
awareness of the world about them: The 
ape or monkey is driven by curiosity It 


thoroughly investigates every object, pick- 
ing it up, smelling it, tasting it, manipulat- 
ing it, and experimenting with it. By 
examining objects and exploring situations 
it becomes aware of its complex environ- 
ment and is able to live successfully wher- 
ever it finds itself, The lower primates lack 
this searching curiosity and this ability to 
adapt themselves to a strange environment 
They are more specialized animals in their 
habits and their food requirements and are 
found in more restricted habitats 


NEW WORLD MONKEYS 


The New World monkeys are medium 
sized and small primates, living in the for- 
ests of Central and South Amenca from 


southern Mexico to northern Argentina 
These monkeys differ in certain important 
respects from their Old World relatives 
The most noticeable distinction is the wide 
separation between the nostrils, which 
open to the sides of the nose instead of to 
the front and downward They lack cheek 
pouches and so-called ischial callosities, or 
rough skin pads on their hindquarters 
Most New World monkeys have long tails 
In some cases, the tail is prehensile—that 
is, it is used for grasping 

Comprising one group (family Cebi 
dae) of New World monkeys are the spider 
and woolly spider monkeys, woolly mon 
keys, howlers, capuchins, saimiris, sukis, 
uakaris, titis, and douroucoulis The second 


Macaques occur widely from Japan, indonesia. 
Southeast Asia, and india to northern Africa. The 
best-known macaque is the rhesus monkey 
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Macaques are very hardy animals, which accounts 
for their wide range. This Japanese painting shows 
a macaque living near snow-covered mountains. 


group (family Callithricidae) is made up of 
the marmosets and tamarins. 

Spider monkeys. The spider monkey 
(Ateles) is a tree dweller with a wonderful 
prehensile tail, which acts as a third hand 
for grabbing limbs or fruits and nuts. This 
monkey swings by its exceedingly long 
arms, hooking onto branches with its thumb- 
less hands. Sometimes it leaps outward and 
downward, with arms and legs spread, 
covering five to ten meters. It may drop 
straight down to a branch five to seven me- 
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ters below. The related woolly spider mon- 
key (Brachyteles) has woolly gray hair, 
a naked red face, and a heavily 
proportioned body. Closely d to the 
spider monkeys are the woolly monkeys 
(Lagothrix), which have t} woolly 
coats, heavy large bodies, and »cll-devel- 
oped thumbs. Though prehe: the tail 
apparently does not grasp as well as the 
spider monkey’s tail. 

Howler monkeys. Howler keys (AL 
ouatta), the largest New Word monkeys, 
are aptly named, for their roars are almost 
deafening. These disconcerting sounds are 
produced by air passing through « resonat- 
ing chamber in the throat. The howlers are 
powerfully built animals: the ave high 
foreheads, projecting muzzles, «nd bearded 
chins. They prefer to remain :» “igh trees. 
They swing on vines to spar gaps be- 
tween trees and jump only w! ecessary. 
The howler’s prehensile tail s« various 
purposes. The animal hangs by it. uses itas 
an “anchor” when resting or siceping, and 
scratches otherwise inaccessible spots on 
its body with it. 

Capuchin monkeys. The tail; of capu- 
chins (Cebus) are also prehensile, but are 


not so versatile. Capuchins ge from 
Mexico to Paraguay. They have woolly 
coats of coarse or silky hair. The name 
comes from a peak of thick hair, resembling 
a monk’s hood, on the top of the head of the 
capuchin. 

Marmosets and tamarins. Marmosets 
(Callithrix) and tamarins (Leontocebus) ave 
the smallest of all monkeys. The pygmy 
marmoset measures only 30 centimeters, 
one half of which is tail. Some marmosets 
have long thick hair, manes on the head and 
shoulders, or hair tufts on the ears. The tails 
are long, nonprehensile, and marked by 
rings. Tamarins have longer hands than the 
common marmosets, but lack ear tufts and 
tail rings. Both marmosets and tamarins 
look and climb like squirrels. The fingers 
and toes, except the big toe, have hooked 
claws instead of nails. Since the thumb 1s 
not opposable to the other fingers, these 
monkeys must climb by digging in with the 
claws instead of grasping boughs as 40 
other monkeys. 


OLD We D MONKEYS 

Tt ure several hundred species of 
Old W monkeys (family Cercopitheci- 
dae), h range widely over Africa, 
south nd eastern Asia, and the islands 
of the F ist. The majority of these mon- 
keys | warm climates. Some species, 
howe\ id sufficient vegetation for shel- 


ter ar vd at elevations and latitudes 


where commonly occurs. 

I ld World monkeys travel 
throug trees by running along the 
bough | leaping, rather than by swinging 
by the They walk or run on all fours, 
flat or lms of their hands and the soles 


of th Their shoulders are narrow. 


Their s are usually shorter than their 
legs. T chests are deeper than they are 
wide r coats show striking greens, 
reds, and blues, and the areas of skin on the 
face, t, and limbs are brilliantly pig- 
mented. The Old World monkeys have 
prom ischial callosities, which are 


often surrounded by naked, colored skin. 
Thous »me of these monkeys have very 
long t others have mere stubs or no tails 
at all. None can use their tails for grasping. 
The nostrils are set close together, opening 
forward and downward. Like the apes, the 
Old World monkeys tend to assume an 
upright posture when sitting. Vegetable 
matter, fruits, eggs, lizards, and insects 
make up their diet. 

The Old World monkeys are divided 
into two subfamilies. The first group 
(subfamily Colobinae) includes the lan- 
gurs, snub-nosed monkeys, and proboscis 
monkeys of Asia, and the guerezas, Or colo- 
bus monkeys, of tropical Africa. These 
animals are long-tailed, medium-sized, and 
fairly slender. They are mainly vegetarians 
and possess a complicated stomach, di- 
vided into several compartments. They 
lack cheek pouches. In the second group 
(subfamily Cercopithecinae) are found the 
Asian macaques and the African manga- 
beys, baboons, mandrills, guenons, and 
patas monkeys. They have cheek pouches 
and a simple stomach. J 

Langurs. Langurs (Presbytis), OF leaf 
monkeys, are common in India, Sri Lanka, 


Bruce Cole 


H. Albrecht — Bruce Coleman Lid. 


Three species of primates, showing the differences 
in the structure of the face. Top: the mandrill 
which is easily recognized by its brightly colored 
tace, has a prominent snout Middle: the proboscis 
monkey has a moveable snout so long that it hangs 
down over the mouth. Bottom the orangutan's 
face is flattened, but the jaws are still heavy and 


prominent 
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and Indonesia. For the most part they 
keep to high trees, where their long tails 
serve as balancers when they leap through 
the branches. Their coats range from black 
and brown through red to gray and white. 
In some species there is a high crest of hair 
on the top of the head. Stiff hairs grow 
forward above the eyes. 

Among these lithe monkeys, the hanu- 
man langur is perhaps the best known. It is 
silvery coated, has black hands, feet, and 
face, and carries its tail arched over its 
back, in squirrel fashion. The hanuman is 
held sacred by the Hindus. In populated 
districts it is very common and quite mis- 
chievous. A closely allied monkey, the 
Himalayan langur, lives in the mountains of 
Kashmir at an elevation of 1,800 meters. 
The large pig-tailed langur, dwelling on the 
small islands off Sumatra, has a short up- 


A mountain gorilla of central Africa. Male gorillas 
may grow to 2 meters and weigh up to 250 kilo- 
grams. Males begin to turn gray after they reach 
maturity. 


G. Hotton/PR 
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sce Coleman 


The chimpanzee is a very intellige ate. Even 


in the wild it manufactures and use 


ked tail. 
thecus) 


turned nose and a short, almo 
The snub-nosed monkeys (&/ 


of Tibet and western China are e stoutly 
built than the true langurs, an sir noses 
are turned up sharply at the tip § 

Proboscis monkey. The most eccentne 


of all monkey noses is that of the male 
proboscis monkey (Nasalis). It is a swollen, 
movable snout, with the tip drooping over 
the mouth. This grotesque appendage 
seems to affect the voice, which is decidely 
nasal. Females and young have snub noses, 
The proboscis monkey is chestnut colored, 
Its reddish brown face is set off by side 
whiskers and a beard. It lives near streams 
and rivers in the forests of Borneo and is @ 
capable swimmer. 

Guerezas. The handsome guerezas 
(Colobus) live in the forests of tropical 
Africa. Some are auburn or carrot colored. 
Others are black, with long white hairs 
forming a mantle on the shoulders or sides 
and fringing the tail. Some have beards. 
The thumb of all the guerezas has been 50 
reduced that it forms only a little stub. Be 


eir ornamental costume, these 


cause 0! 
monkeys ~ave been a prey to fur hunters. 

Ma es. Macaque monkeys (Ma- 
caca) widely from Japan, Indo- 
nesia, ar /outheast Asia through India to 
northe: rica. They are extremely hardy, 
thriving tropical jungles and snow- 
covered .ountain slopes. They are stout, 
medium -ed animals with short, stocky 
limbs, a »rojecting but rounded muzzle, and 
heavy bow ridges. Their tails vary in 
length. © >eir ischial callosities are promi- 
nent. The urge cheek pouches serve as food 
containers until the food can be chewed at 
leisure 

Per)oos the best-known macaque is 
the rhes. monkey with its greenish gray 
coat, fle: »-colored face, and red ischial cal- 
losities. | is common in India, Indochina, 
and Chir: and is often used as an experi- 
mental soinal in laboratories. Closely re- 
lated to ‘he rhesus is the Formosan rock 
macaque — the only monkey on the island of 
Taiwan. 1: lives among the rocks and on 
grassy hillsides along the coast, feeding on 
sea planis, shellfish, grasshoppers, berries, 
and shoots. When food is scarce in these 
areas, the monkeys migrate to inland for- 


ests. The Japanese monkey is a macaque 
with a brownish coat, bright red face, and 
Stubby tail. 

The crab-eating macaques, common in 
Burma, Malaysia, Indonesia, and the Phil- 
ippines, are the only monkeys on many 
of the smaller islands of the southwest 
Pacific. These long-tailed animals fre- 
quent mangrove swamps along the ocean 
Shores and hunt for crustaceans at low tide, 
They swim well, A relative, the heavy-set 
Pig-tailed macaque of Indonesia, has a 
short, almost naked tail, twisted or arched 
forward over the back. The only African 
Macaque is the almost tailless Barbary ape, 
which has a reddish brown coat and 
red ischial callosities. It lives in the moun- 
tains of Morocco and Algeria and was in- 
troduced on Gibraltar, where it has flour- 
ished from time to time, roaming free but 
under protection. 

Black ape. The black ape (Cynopithe- 
cus) of Celebes is related to the macaques, 
but somewhat resembles the baboon be- 


cause of its protruding muzzle, Small family 
groups or pairs of these monkeys live in 
trees but often descend to forest clearings 
to hunt food. Those living in mangroves 
near the coast gather mollusks, crabs, and 
sea worms at low tide. 

Mangabeys. The long-tailed, compara- 
tively slender monkeys called mangabeys 
(Cercocebus) dwell in the equatorial forests 
of Africa. Their coats range from glossy 
black and dark brown to smoky gray. They 
all have showy white eyebrows and oc- 
casionally white eyelids, too, Several 
species have crests of long hair on their 
crowns. 

Baboons and mandrilis. The baboons 
and their kin, the mandrills, do not look 
very much like monkeys. They have elon- 
gated, squarish, doglike muzzles and deep, 
narrow chests. They live almost entirely 
on the ground, where they move about on 
all fours. Their arms and legs are of almost 
equal length. Their hands are stubby, and 
the thumb and big toe are less opposable 
than is the case with other monkeys. Un- 
like the other higher primates, baboons 
have a well-developed sense of smell. 

These big, muscular animals inhabit 
much of Africa south of the Sahara, living 
in open, hilly country, rocky outcrops, 
ravines and rocky cliffs. They eat nearly 
anything they can dig up, catch, or come 
upon by chance — plant roots, bulbs, fruits, 
lizards, scorpions, beetles, birds’ eggs (par- 
ticularly ostrich eggs), and honey. 

The sacred, or hamadryas, baboon 
(Comopithecus) has a regal appearance. 
The males have great silver-gray manes 
over their necks and shoulders, and sit sol- 
emnly upright with a hand on each knee. 
When they walk, the tail arches behind in 
dignified fashion. Three hundred or more 
individuals may live together in loosely 
organized communities in the Sudan, Ethio- 
pia, and Somalia, and along the Saudi 
Arabian coast of the Red Sea. 

Other species of baboons include the 
olive baboon of east and west Africa, the 
yellow baboon of east Africa, the small 
Guinea baboon of west Africa, the South 
African chacma (Papio), and the Ethiopian 
gelada baboon ( Theropithecus). 
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The most colorful of all the monkeys, 
the male mandrill (Mandrillus) of Guinea, 
has dark, gray-green fur and a purple face, 
with blue swellings along the sides of the 
red nose. It grows a yellowish beard and a 
dark crest on the crown of the head. The vi- 
olet ischial callosities are surrounded by 
scarlet, naked skin. The tail is a mere stub. 
Mandrills keep more to forested country 
than do baboons, and they are much less 
gregarious. The closely related drill, also a 
native of Guinea, has a black face. 

Guenons. Guenons (Cercopithecus) 
are found almost everywhere in Africa ex- 
cept along the Mediterranean coast and in 
the Sahara. They are long-tailed and very 
active animals, leaping agilely among the 
trees and using branches as springboards to 
launch them through the air. Beautifully 
colored, their overall tones vary from black 
and olive through greenish and reddish 
brown to gray. They are richly marked with 
white, yellow, chestnut, rust, and black. 
Many wear beards and others have side- 
whiskers. There are a great many species. 
They include the vervet, moustached, 
diana, green, mona, grivet, red-eared, 
pluto, and putty-nosed monkeys. 

Patas monkeys. The patas monkeys 
(Erythrocebus) are reddish guenons that 
prefer the ground to the trees. They have 
long, slender legs and arms and can move 
rapidly. Patas monkeys are found in East 
and West Africa in partially wooded areas, 
on open plains, and in rocky desert regions. 


APES 


Of the modern primates, aside from 
man, the great apes (family Pongidae) and 
gibbons (family Hylobatidae) impress us 
most. Muscular animals, they vary in size 
from the one-meter gibbon to the nearly 
two-meter gorilla that is several times heav- 
ier than a man. The great apes have wide 
chests and long clavicles, or collarbones, 
that serve to keep the shoulders well apart. 
The nose has no bridge. The jaws project 
noticeably from the face, but the chin is 
recessive. Apes have fairly prominent 
grinding teeth, or molars, and their large, 
tusklike canine teeth provide weapons for 
attack and defense. Gibbons and the 
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closely related siamangs have the thick- 
ened, horny areas of naked called is- 
chial callosities on their rumps. Some 
chimpanzees and orangutans also possess 
these callosities. 

Well adapted for an arborea! life, the 
tailless apes swing by their long arms, 
which are powered by strong muscles. With 


the exception of the gibbon y cannot 
assume an erect stance for any length of 
time. They generally walk on all fours, 


with the weight resting on the knuckles of 


the hands and the outer sides of the feet. 
Because the arms are much longer than the 
legs, the apes bend forward in a semierect 
position. The chimpanzee wil! sometimes 


briefly walk erect, with a waddling gait, if 
it is holding something in its hands. 

Chimpanzees. The chimpanzee (genus 
Pan) is a tree dweller. It lives in the tropical 
forests of western and central Africa. In 
general, the coat color is blac brownish 
black. The chimpanzee has a low, receding 
forehead with large brow ridges, and large, 
almost naked ears, which stand out from 
the head. There are several kinds of chim- 
panzees, including the black-faced, white- 
faced, and pygmy varieties. ` 

Chimpanzee family parties spend their 
time moving about, sometimes in the trees 
but more often on the ground, searching for 
food and resting. They eat blossoms, leaves, 
stems, fruits, insects, and birds’ eggs. They 
swallow some foods whole and chew others, 
spitting out the pulp. They are messy feed- 
ers and waste a great deal of food. 

When resting in a tree, the chimpanzee 
hangs on to an overhead bough and squats 
on the limb below, leaning against the tree 
trunk. On the ground, the animal constructs 
day beds of leafy branches in a shady spot. 
While the adults rest, young chimps wrestle 
and engage in mock combat. The animals 
spend the nights in the trees, where they 
construct platform nests of branches, which 
are broken back and interwoven in such 4 
manner that the leafy parts cover the floor. 
Usually each animal has its own nest. The 
young, however, sleep with their mothers. 
The nests are rarely used a second night. 

Gorillas. The gorilla (Gorilla) is closely 
related to the chimpanzee. The lowlan 


The w nded gibbon 

swing branch to 

branch t gh the jungles 

of sout ia. It can also 

run at jerable speed 

on the 

gorilla inhabits the jungles of west-central 
Afric: thicker-coated mountain gorilla 


lives « he bamboo-forested slopes of 


volcan nountains in the Republic of 
the Co Both types live primarily on the 
grouns eding on vegetable matter and 
climbing when necessary to pick fruits. 
Gorillas are impressive, muscular ani- 
mals, | iants among primates. They have 
wide \ders. Their arms are shorter, 
comparatively speaking, than those of the 
other ay The gorilla’s eyes are set deep 
under a massive brow. Its small ears are 
close to the head. The flat nose is widely 


spread. The rear of the skull is buried in 
large and powerful neck muscles. Adult 
male gorillas have a crest of bone running 
from behind the low, narrow forehead over 
the top of the skull. This crest is an addi- 
tional anchorage for the powerful temporal 
Muscles that tighten the jaws when the 
animal chews, 

Gorillas lead nomadic lives, moving in 
small family groups, headed and guarded by 
an adult male, When in the trees, the ani- 
mals move about on all fours on large 
branches or walk erect, grasping the bough 
above. At night they lodge in temporary 
nests of branches placed in a tree fork, at 
the foot of a tree, in clumps of saplings, Or 
in other spots where nesting materials are 
Within easy reach. 

Orangutans. Unlike the gorilla and 


chimpanzee, the orangutan (Pongo) is al- 
most completely arboreal. Hanging from a 
bough, it uses its arms and legs alternately 


to travel through the trees at a fair pace. It 
also swings by its arms, but apparently 
does not leap. On the rare occasions when 
it descends to the ground, it walks on all 
fours or shuffles along in an erect position 
with the arms raised overhead as balancers. 

The orangutan lives in swampy forests 
on the islands of Borneo and Sumatra, The 
adult males, which may stand one and one- 
half meters tall, have long beards and flat- 
tened, semicircular cheek pads of skin at 
the sides of the face. A large, inflatable 
throat pouch hangs down upon the chest. 
The shaggy coat is of reddish or yellowish 
brown hair. The orangutan has a bony crest 
over the top of its skull, and the back of the 
head is imbedded in the neck muscles. Its 
forehead is higher than that of either the 
gorilla or chimpanzee and it lacks heavy 
brow ridges. The lips protrude, The ears 
are small, The arms and hands are so long 
that when the animal stands, its fingertips 
touch the ankles. 

The orangutan travels in very small 
family groups. At night each ape makes a 
platform nest. Sometimes, too, a nest for a 
siesta is constructed during the day, When 
food is scarce, orangutans migrate. 

Gibbons. The slender gibbon (Hylo 


bates) is the most accomplished acrobat of 
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all the apes. Its flexible shoulder joints 
permit great freedom of arm movement. Its 
long hands fasten onto branches like hooks. 
The animal seizes a branch with one hand, 
then it swings forward to grasp the next 
branch with the other hand, and in this way, 
sometimes covering three meters in a single 
swing, it almost literally skims through the 
forest canopy at amazing speed. To leap, 
the gibbon swings above the level of the 
branch and hurls its body forward with bent 
arms raised and ready to grasp the next 
branch. Sometimes the animal glides out- 
ward and downward—body almost hori- 
zontal, arms and legs bent but extended— 
to reach a bough far below. 

This agile ape walks and runs upright 
at considerable speed on the ground or high 
on a stout limb. In walking and running, it 
sets one foot directly in front of the other. It 
tilts the body slightly forward from the hips, 
bends the knees a little, and holds the arms 
up, bent at the elbows and hands drooping. 

The gibbon’s arms are very long, al- 
lowing the fingertips to touch the ground 
when the animal stands. Its nose bridge is 
more prominent than that of the other apes. 
The gibbon would look quite human if it 
were not for the fairly heavy brow ridges 
and the low, sloping forehead. It supple- 
ments its vegetable diet with insects, birds’ 
eggs, and young birds. Its formidable pierc- 
ing canine teeth not only tear tough skins 
from fruits but are effective weapons. 

Most gibbons live in small family par- 
ties. They are vociferous animals, particu- 
larly at sunrise and sunset. At night, they 
do not make nests but seek shelter in heavi- 
ly leafed trees. 

Several species of gibbons live in the 
upland forests of Burma, Thailand, other 

parts of southeast Asia, Malaysia, Sumatra, 
Java, and Borneo. Their thick and woolly 
Coats vary in color from black and brown to 
Straw, gray, and white. The black gibbon 
has a crest of hair on the top of its head. 
The siamang (Symphalangus), which in- 
habits Sumatra, is a close relative of the 
gibbon. Its well-developed inflatable throat 
pouch distinguishes it from the true gibbon. 
Siamangs have a web of skin connecting 
the second and third toes; such webs some- 
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times occur in true gibbons and chim 
panzees. 


PRIMATE BEHAVIOR 


Many of the primates. especially the 
higher primates, have evolved complex 
patterns of behavior. 

MATING AND CARE OF THE YOUNG 

The various species of primates reach 
puberty, or sexual matur ıt different 
times. In chimpanzees, gorillas, and oran- 
gutans, puberty occurs at the age of 8 or 10, 
The gibbon reaches puberty in 7 years; 
baboons and other Old Wor ionkeys, in 
4 to 6 years; marmosets, in 14 months, 
The life span is about 40 years for chimpan- 
zees, 29 years for rhesus keys, 27 
years for orangutans, and 25 years for gib- 


bons, guenons, and yellow baboons. 


The higher primates dif from most 
mammals in that they have no definite mat- 
ing period. Males are prepared to mate at 


any time, while the females, unless preg- 
nant, go through a reproductive cycle in 
which they are more receptive at certain 
times than at others. The female carries 
the developing young in her womb for a 
considerable time. This period —the gesta- 
tion period — varies with the different higher 
primates. It ranges from 145 days in the 
marmoset to between 8 and 9 months in 
the chimpanzee. Most of the higher pri- 
mates have only a single young at one time. 
However, the marmoset may bear 2 or 3, 
the sacred baboon 2, and the chimpanzee 2. 

Infant primates, born feeble and help- 
less, live entirely on their mother’s milk for 
at least a month before solid food is taken. 
The chimpanzee young, however, may 
nurse for two years and the orangutan even 
longer. A mother chimpanzee carefully 
grooms her young’s fur with her lips, teeth, 
and fingers. ; 

The mother primate carries her infant 
wherever she goes. When the baby is quite 
young, it clings to its mother’s abdomen, 
burying its hands and feet firmly in her fur. 
The mother may clasp the infant with one 
arm as she moves from one place to anoth- 
er. As young monkeys and apes get older, 
they cling to the mother’s arm, leg, or hip. 


Finally ride on her back. 
The soother carefully watches the first 


indepen movements of her offspring, 
assisting jhen it falls and helping it to 
climb. Mo ser spider monkeys and howlers 
aid thei mg across wide spaces in the 
trees by dging the gaps with vines or 
branches fter weaning the infant, the 
mother rte tests each piece of food 
before t! ıby receives it. She supervises 
the youn when it begins to gather food. 


Api ily the brunt of infant care 


falls up xe mother in the case of apes 
and Ol rid monkeys. However, the 
males o «ome New World monkeys seem 
to shar his responsibility. 
SOCIAL. © 30UPS 

Higl-r primates live together in well- 
organiz social groups. The size of the 
group do ocnds particularly upon the food 
supply i» © given territory. When this sup- 
ply is u © to support all the individuals, 
small grovos break away and move. 


New World monkeys usually congre- 


gate in c The typical spider and howler 
monkey clan numbers about three adult 
males, cixùt mature females, and a number 
of juveniics. The smaller American mon- 
keys apparently live in pairs accompanied 
by their semidependent young. Sometimes 
capuchins associate with spider monkeys 


or squirrel monkeys. Though the males of 
Many species live singly, the unmated male 
spider monkeys form troops. 

__ The New World monkeys show a de- 
cided lack of domineering traits, Males of 
the howlers and other American monkeys 
never fight for food or females. Spider 
monkey males even share leadership of the 
clan with their females. Among the howl- 
ers, a male is usually in command, but no 
male is a permanent leader. 

The smallest basic social unit among 
apes and Old World monkeys is the harem, 
in which a dominant adult male, or over- 
lord, holds sway over several adult females 
and young of various ages. (The gibbon is 
an exception, for only one adult female and 
her young accompany a male.) Harems 
May unite to form large troops, or, as in the 
case of the baboons, herds of over a thou- 


sand individuals. Bachelor males, especial- 
ly baboon and rhesus bachelors, accom- 
pany the harems, on the watch for unmated 
females. Some males live alone. 

One of the most powerful social forces 
among the Old World monkeys is domi- 
nance. A dominant animal lords it over his 
subordinates, especially females. This ty- 
rant is more vigorous and a better fighter 
than the rest. He has an aggressive, confi- 
dent attitude. He always feeds first, driving 
away the other members of the group until 
he is satisfied. He assumes leadership in 
exploration and movements. The lesser 
members of the troop dominate their in- 
feriors but cringe before their superiors. 

Inferior monkeys sometimes indicate 
their subordinate position by presenting 
their hind quarters to their superiors. 
Young baboons, for example, make this 
sign of deference to adults and to their more 
dominant playmates. Presenting the hind 
quarters may also be the equivalent of a 
friendly greeting. Baboons in captivity will 
present to persons of whom they are fond. 

Gorilla and orangutan overlords main- 
tain their positions by defeating young adult 
males who oppose them. When a dominant 
gibbon finds food, it will gather as much as 
it can carry and make way for the others. A 
dominant chimpanzee does not lord it over 
his inferiors. He protects them and shares 
his food with them. 


COMMUNICATION 


Primates communicate with one anoth- 
er by vocal sounds and varied facial expres- 
sions. These expressions, often enhanced 
by smacking the lips and rhythmically mov- 
ing the tongue, lips, and jaws, signify plea- 
sure or annoyance, hunger or contentment. 
An angry gibbon, for example, threatens by 
opening and closing its mouth, clicking its 
teeth, and smacking its lips. An angry 
male rhesus or baboon exposes its canines. 

With growls, grunts, twitterings, chirp- 
ings, whispers, barks, screams, and cries, 
apes and monkeys warn of danger, indicate 
alarm or distress, and keep the scattered 
individuals of the clan or family in touch 
with one another. For instance, the barking 
roar emitted by howler monkey males when 
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a rival clan appears has the effect of stop- 
ping all feeding, playing, and exploring and 
brings about a defiant attitude. A leading 
male gives a deep, hoarse cluck to start the 
clan moving and control its direction. A 
female howler wails in distress when her 
young falls. The youngster itself makes lit- 
tle cries that indicate its position to the 
adult howler. 

Body postures and attitudes also indi- 
cate emotion or act as a signal for flight, 
defense, or attack. An enraged gibbon, for 
example, jumps up and down and shakes 
the branch on which it is standing. To ex- 
press emotion, a chimpanzee bounces up 
and down on bent legs, stamps its feet on 
the ground, or drums on a hollow log with 
its hands and feet. The gorilla stamps its 
feet, strikes the ground rhythmically with 
its hands, and beats its chest. Young howl- 
ers learn that certain actions of the mother 
indicate that she is going to move, and ac- 
cordingly they run to her and climb upon 
her so that she may carry them. 

Grooming is another feature of pri- 
mate society. The grooming habit is prac- 
ticed on oneself or on another; mutual 
grooming is a sign of friendliness and socia- 
bility. The groomer goes over the ears, 
neck, shoulders, back, and rump of its part- 
ner, using its fingers to spread the fur while 
grooming with the other hand and feet, nib- 
bling with its teeth, or licking with its 
tongue. The object is to clean the skin of 
scaly, loose fragments and particles of se- 
cretions, to squeeze carbuncles, and to re- 
move thorns. Grooming apparently gives 
sensuous satisfaction. The groomed animal 
sits or lies in a relaxed attitude with closed 
eyes. The purpose of grooming, by the way, 
1s not to remove vermin, since primates are 
usually free of mites or fleas, 

The preoccupation of apes and mon- 
keys with fur and hair is often truly amazing. 
Captives apes and monkeys show an in- 
tense desire for fur rugs, for the hair of 
other animals and even for brooms. 


TERRITORIES 
Monkeys and gibbons, as far as we 


know, restrict their wanderings to a more or 
less well-defined territory. A troop or clan 
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may live in an area covering from 12 to 120 
hectares. Sometimes this ritory adjoins 
or overlaps that of anoth oop or clan, 


The most important facto: 
extent of a given territory a 


termining the 
he number of 


individuals in the group o in, the abun- 
dance of food, and the pr e of suitable 
trees in which to lodge at n ind play and 
rest during the day. If th | supply di- 
minishes or the group ge! ger, the terri- 
tory is expanded or aband | for a better 
one. 

Old World monkey etimes fight 
fiercely for their territori vainst all ri- 
vals. Rival groups of how on the other 
hand, engage in a due! of ing until one 
group retreats. Spider monkeys break off 
dead branches and drop thi yn intruders, 


particularly humans. 


In a course of a da; vanderings, 


monkey and gibbon groups : »!low arboreal 
trails of intertwining branches that lead to 
favorite food and shelter trees. Spider 
monkeys travel over the same definite aeri- 
al highways each day. They feed, take sies- 
tas, and lodge for the night in the same 


trees. Howlers, on the other hand, may 
travel only a few hundred meters in one 
day. They may remain in the same spot for 
several days if food is abundant. When they 
reach the boundary of their territory, they 
turn back toward the area they covered 
several days before. If the clan is searching 
for a new route, each adult male explores a 
different avenue. When a suitable trail is 
found, the successful male returns to the 
clan, emits a deep clucking sound, and sig- 
nals for the clan to follow him. 

The ground-dwelling baboons also 
travel over a fairly definite area each day. 
They scatter as they feed during the day- 
time, but they come together at night in 
rocky retreats. On rare occasions, when 
food becomes scarce, baboon colonies mi- 
grate to a new territory. Certain mangabeys 
engage in seasonal migrations. Bands 0 
these monkeys meet in the same place and 
at the same time each year. 


LEARNING 


Primates in captivity are interesting B 
observe and study. Generally speaking, aP 


and mosey youngsters are docile and 
friendly, “ough quite destructive. Young 
chimpar? are particularly destructive. 
They toss iheir arms and legs wildly, jump 
up and <n, pound the ground, contort 
their faces in a variety of grimaces, and 
show t intense delight when they are 
praised pplauded. If placed in the com- 
pany of more deliberate gorilla, the 
chimpan:°< almost always becomes the 
leader i i activities and acts as a pro- 
tector te £s companion. 

Mos: monkey and ape adults in captiv- 
ity are © be temperamental and unreli- 
able. A dominant primates, especially 
Old Wi monkeys, will attack sick and 
weak companions and exhibit great selfish- 
ness at feeding time. 

Stud es of the higher primates in cap- 
tivity have proved definitely that they can 
adapt sı ssfully to novel situations. Most 
of then use sticks, pieces of wire, floor 
brushes d so on to reach food placed 
outside i>eir cages. They quickly learn to 
unfasten various complex catches that lock 
doors behind which food has been placed. 
They c iscriminate between colors, use 


ls, saw, drive nails with a ham- 


mer, pu n clothes, ride tricycles, and 

open padlocks with keys, among other 

striking mples of learning ability. 
unzees can learn how a key 


Chi 


a lock, and if no key is available, 
they will try to use a substitute. The stan- 
dard test for determining a chimpanzee’s 
reasoning powers is to scatter boxes in the 
cage and suspend fruit high above the ape’s 
reach, 

The time taken for the chimpanzee 
to stack the boxes below the fruit will pro- 
vide some measure of his intelligence. One 
chimpanzee was given a long pole in place 
of the boxes. Instead of knocking down the 
fruit, the ape set the pole vertically below 
the suspended fruit, quickly climbed the 
pole, grabbed the prize, and dropped to the 
floor before the pole toppled. Another 
chimpanzee was offered two sticks, neither 
of which was long enough to rake in food 
outside the cage. It fitted the smaller stick 
into the larger one, solving the problem in 
this way. 


SYMBOLIC BEHAVIOR 


Chimpanzees also show a marked de- 
gree of symbolic behavior; that is, they can 
understand the relationship between a ma- 
terial object and something else that it rep- 
resents. At the Yale University Labora- 
tories of Primate Biology, chimpanzees 
were given poker chips with which to play. 
At first the chips meant little to the apes, 
but when a grape was offered in exchange 
for a chip, the disks became valuable. 

Later a device called the Chimp-o-mat 
was installed in the apes’ cage. The animals 
soon learned that when they inserted poker 
chips of different colors in the Chimp-o- 
mat, they would obtain grapes, a drink of 
water, or a piggyback ride on one of the 
laboratory scientists. 

To complicate matters, a work ma- 
chine was provided, by which the chimpan- 
zees operated a weight handle to earn poker 
chips. These chips could then be spent in 
the Chimp-o-mat. In other words, the 
chimps were working for pay. They trea- 
sured and hoarded their chips, but paid no 
attention to brass slugs when they dis- 
covered these slugs would buy nothing 
from the machine. 

Another curious display of symbolic 
behavior was exhibited by a young female 
orangutan who was taught to say the words 
“cup” and “‘papa.’’ Apparently she knew 
what they meant, for when she was thirsty 
she said ‘‘cup,”’ and when she was fright- 
ened the orangutan called her trainer by 
crying ‘‘Papa!”” 

Because higher primates do not have 
the same vocal equipment as humans, they 
cannot be taught to speak more than a few 
words. Some chimps and gorillas have, 
however, been taught to use American Sign 
Language, and can communicate with their 
trainers. A gorilla named Koko acquired a 
working vocabulary of about 375 signs. 
Some chimps learned to “‘read’’ plastic 
symbols and to use them to “talk” to re- 
searchers. One chimp, named Lana, was 
taught a special language. She learned to 
communicate with humans, expressing her 
desires and feelings by typing this special 
language on a computer typewriter. 
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Human beings are the only creatures that 
can study themselves. Such study began 
with simple observations of the body and 
now inclu »mplex medical and 


Psychological studies. Opposite page: a 
Study of the human head and body in motion 
done by the 15th-century artist-scientist 
Leonardo da Vinci. Above: a medical 
success story, Smallpox, once a dread 
disease, has now been almost eradicated 
—thanks to vaccination programs such as 
the one depicted in the poster. 
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THE HUMAN SPECIE 


Homo sapiens, or modern man, is one 
of the most successful living organisms. 
The success of humans on the earth is re- 
lated to their ability to change their local 
environment, making it suitable for human 
habitation. Because Homo sapiens has 
been able to farm effectively, domesticate 
and raise animals for food, create more 
durable dwellings, and cure diseases that 
afflict people, the human species has been 
able to grow to a population size eight times 
what it was 4,000 years ago. 

Because of their high intelligence and 
advanced tool-making and tool-using abili- 
ties, human beings consider themselves 
apart from the animal world. But, human 
beings are indeed animals, and they are 
subject to the same biological processes as 
animals. For one thing, the human body is 
made up of the elemental life substance 
called protoplasm, found in all living things, 
though differing somewhat in composition 
in different species. Like other creatures, 
humans have structures and organs for 
supporting the body, breathing, circulating 
the blood, digesting foodstuffs, eliminating 
wastes, perceiving the world, and reproduc- 
ing. Present theory holds that the human 
body is the product of organic evolution, a 
biological process of creating new forms 
that has been in operation for millions of 
years. 


A VERTEBRATE 


What is our place in the animal king- 
dom? First of all, we are vertebrates —ani- 
mals that have a backbone. Fishes, frogs, 
snakes, birds, whales are all verbebrates. A 
feature in the development of vertebrates is 
the notochord, found in the most primitive 
of vertebrates, the Amphioxus. The noto- 
chord is a long rod of tough tissue to which 
muscles attach. In the embryos of all verte- 
brates, the notochord appears; it is later 
replaced by the cartilaginous or bony ver- 
tebral column. 

Above the notochord, a hollow tube of 
nerve tissue develops. It becomes the spi- 
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nal cord. In the head er 
the spinal cord becon 
modified forming the br: 


A MAMMAL 


In the second place 
mammals. Generally sy 
are four-limbed, active cr: 
or less well-developed t 
great capacity for learnin: 
keen intelligence. The 
hair and the sweat glan 
maintain a high and cons 
ature. There are three 
incisors, canines, and m 
four-chambered heart, an: 
aorta—leading from one 
Blood flows through this 
of the body. Separating 
from the abdominal re; 
phragm, a muscular sh 


All vertebrates possess gill po 
during their development. Belov 


pouches of a fish embryo and th 
embryo. In humans, the pouches 


the organism 
nlarged and 


in beings are 
. mammals 
»s with more 
They have 
some show 
covering of 
he skin help 
ody temper- 
; of teeth- 
There is a 
utery —the 
e chambers. 
to all parts 
hest cavity 
s the dia- 
that aids in 


at some time 
shown the gill 
se of a human 
present a pass- 


ing stage in the growth of the embryo 


Y 


GILL POUCHES 


FISH EMBRYO 


HUMAN EMBRYO 


GILL POUCHES 


breathiny. Fhe young mammal is typically 


carried »s an embryo within the female’s 
body ano + born alive. Only the most primi- 
tive may is do not have this process. All 
mammi young are nourished on milk 
secrete: the mammary glands of the 
mothe! ure cared for during a more or 
less ext: d period after birth. 

A PRIM/ 

He apiens is also a primate— 
that is, | tongs to the mammalian order 
of prima vhich includes the lemurs, tar- 
siers, rr ys, and apes. Most primates 
are wel ipted for living in the trees. 
They h srasping hands and feet. The 
thumb : frst toe can be moved so that 
they ar pposite the other digits of the 
hand anc ‘oot. Only the thumbs are opposa- 
ble in h ıs. The limbs are quite flexible, 
especia he arms. Primates are more or 
less flat-faced creatures with a large cra- 
nium, sall nose, and forward-directed 
eyes. T have larger and better-de- 
velopec uns than any other mammals. 
Their vision is very acute and their hearing 
is good, Since they are agile and can react 
quickly, i an adapt themselves to vary- 
Ing circ ances. 


STRUCTURE OF THE HUMAN BODY 


Homo sapiens is a big-brained primate 
who walks erect. Let us briefly examine the 
structure of the human body and some of its 
functions. 


MUSCLES 


_ The muscles are built up of bundles of 
highly active, long, and slim muscle cells. 
When these cells contract in unison, they 
are capable of moving the bones to which 
their ends are attached. The muscles that 
account for body movement —the skeletal 
muscles —are under our voluntary control. 
Others, known as the smooth muscles, are 


Vertebrates have basically three kinds of teeth— 
incisors, canines, and molars. Canines are lacking 
in some vertebrates; in others, there is a fourth type 
Of teeth—the premolars. The drawing shows the 
Molars, premolars, canines, and incisors of a hu- 
man being, gorilla, and dog. Note the prominence 
of the canines in the dog and gorilla. 


M=MOLARS C—CANINES 
P—PREMOLARS I=—INCISORS 
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These two drawings illustrate the divergent devel- 
opment of the ribs in Homo sapiens and ina fellow 
vertebrate —the turtle. In humans, the ribs are with- 
in the body. They shield the heart and lungs and 
also play an important part in the mechanics of 
breathing. In the turtle, the ribs are incorporated in 
the carapace—the top part of the animal's shell. 
Thus the turtle’s ribs, to all intents and purposes, 
form part of the animal's protective armor. 


governed by the autonomic nervous sys- 
tem. They occur in the lining of the stom- 
ach, intestine, urinary bladder, blood ves- 
sels, and other organs. A third type, termed 
cardiac muscle, provides for the pumping 
action of the heart. 

The skeletal muscles that go down the 
back hold the backbone and head in place. 
A thin sheet of muscles runs across the 
abdomen, and muscles involved with 
breathing connect the ribs. All of these 
have evolved from the powerful trunk mus- 
cles that were used for swimming by our 
ancient fish ancestors, living over three 
hundred million years ago. Our specialized 
eye muscles and some muscles of the 


THE HUMAN SPECIES 


tongue are also derived | these trunk 
muscles. The other musc f our head 
and throat, including thos ‘he jaw and 
of expression, were long a; ed with the 
gill bars. They functione part of the 
underwater breathing a; us of our 
ancestors. 

In humans, strong lit iscles con- 
nect the arm and leg bon ) the body, 
In the upper arm and up g, we have 
big muscles that open anc the elbow 
and knee joints. Attache ie forearm 
and foreleg are the muscle ! for manip- 
ulating the hand and Numerous 
small muscles control the ate move- 
ments of the fingers and These limb 
muscles developed when ilike verte- 
brate ancestors first ev legs and 
scrambled from the water the land. 
BONES 

The skeleton has se functions. 
For one thing, it provides tive protec- 
tion. The brain is shielded ve bones of 
the skull; the spinal cord, » arches of 
the backbone; the chest ca\ vy the ribs 
and breastbone; the orgar ` the lower 
abdomen, by the basinlike p The bony 
framework also supports the body's soft 
organs. The bones offer sur! ices for the 
attachment of muscles. They siore calcium 
and phosphorus, which are released when 
the body needs these essential minerals. 


Some bones are quite compact. They are 
pierced only by small canals that carry 
blood vessels. Other bones, especially the 
larger ones, are filled in the center with 
marrow, where blood cells are formed. 

Bone contains branching cells that rest 
in a network of minute interlacing fibers, 
reinforced with calcium phosphate and cal- 
cium carbonate. In the development of our 
bodies, bone is usually preceded by carti- 
lage, a firm but flexible material. As de- 
velopment proceeds, bone gradually re- 
places the cartilage. In the adult, cartilage 
occurs as disks between the bones of the 
backbone, at the tip of the nose, in the ex- 
ternal ear, at the ends of the ribs, and at the 
surfaces of the limb joints. 

The lower jaw bone, the collarbone. 
and much of the skull are not preceded by 


cartilage develop directly from connect- 
ing tissu jerlying the skin. These bones 
are remy of the surface armor that once 
covered earliest fishlike vertebrates. In 
the hum nbryo, there are hundreds of 
bony el: ts. As growth and develop- 
ment ta ce through childhood on into 
maturity ry of these elements fuse to- 
gether. | idle age there are only a little 
over twi dred separate bones. 


Th bone of four-limbed animals, 


includin apes, forms a simple curving 
arch. B e of man’s erect posture, his 
backbon: irown into an S-shaped curve. 
The sec urve—the small of the back — 
brings tI iy’s center of gravity directly 
above ti ps so that head and chest are 
balance ve the hip region. The fused 
hip bon: ‘ached to the base of the spine, 
form a > that transmits the weight of 
the bod) the legs. The bone of the heel 
gives a support to the foot. From the 
shoulder virdle, made up chiefly by the 
shoulder blade, the bones of the arm hang 
freely. 
BLOOD ) BREATHING 

Bone and muscle as well as other tis- 
sues and organs must be bathed continually 
by a nutritive fluid—the blood. In addition 
to food materials, blood carries various 
salts, oxygen, carbon dioxide, and red and 
white cells. Blood is forced to circulate 


through the body by the pumping action of 


the heart, a hollow muscular organ divided 
by a wall into a right and left half. Each half 
is divided into an upper portion, the auricle, 
or atrium, and a lower part, the ventricle. 

From the left ventricle, blood is 
pumped into the aorta, or great artery, 
which soon gives off branching arteries that 
rebranch again and again, transporting 
blood to all parts of the body. The arteries 
are strong, thick-walled tubes. In the tis- 
sues, they lead into a bed of minute capillar- 
ies, through whose walls passes the blood 
fluid with its dissolved materials. Thin- 
walled veins, leading from the other end of 
the capillary bed, carry the blood back to 
the right auricle of the heart. From this au- 
ricle, it flows into the right ventricle and is 
pumped into the lungs. Here it is oxygenat- 
ed—that is, picks up oxygen —and it releas- 
es the waste material carbon dioxide. 

Our lungs are highly elastic organs 
filled with millions of tiny, membranous air 
sacs. When we breathe in, by raising the 
ribs and lowering the diaphragm, oxygen- 
rich air comes in through the nasal pas- 
sages, moves down the windpipe, or tra- 
chea, and enters the lungs, expanding them. 
When breathing out, the lungs collapse, 
expelling carbon dioxide and water vapor. 


The backbone of four-footed 
animals, including the apes, 
forms a simple curving arch. 
The backbone of man, be- 
cause of his erect posture, is 
thrown into an S-shaped 
curve. 


MAN 
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From the lungs, blood travels to the 
left auricle of the heart, then to the left ven- 
tricle, and again out of the heart by way of 
the aorta. The division of the heart into a 
right and left half is a most efficient way of 
keeping the oxygenated blood separated 
from that which is unoxygenated. 


WASTE DISPOSAL 


In circulating around the body, the 
blood passes through the kidneys, two 
bean-shaped organs situated in the region 
of the small of the back. In the kidneys, 
blood is first filtered of its water, salts, sug- 
ar, and such wastes as urea, uric acid, and 
ammonia. Then most of the water and salts 
and all of the sugar are reabsorbed and pass 
back into the blood vessels. The wastes and 
some water and salts leave the kidney in the 
form of concentrated urine. The urine flows 
from the kidney to the bladder via ureters 
and from here out of the body by way of the 
duct called the urethra. By its filtering and 
absorbing mechanisms, the kidney not only 
eliminates wastes from the blood, but also 
maintains the blood’s composition and its 
acid-base balance. 

The skin also excretes wastes, but only 
in small amounts. A certain amount of car- 
bon dioxide escapes from the blood through 
the skin. Small quantities of uric acid and 
urea are carried away by the sweat, or per- 
spiration. When we perspire, the sweat 
glands in the skin withdraw a watery fluid 
from the blood. This sweat evaporates from 
the body surface, thus cooling us. In warm 
weather, heat is radiated through the skin 
from the dilated blood vessels underlying it. 
In cold weather, the skin insulates us 
against the cold. Both processes, thereby, 
help ensure a constant body temperature. 
The skin, too, protects us against injury and 
the invasion of disease germs, as well as 
against excessive moisture or excessive 
dryness. Certain glands in the skin secrete 
an oily substance that makes it pliable and 
lubricates the fine hairs that cover it. 


FOOD AND DIGESTION 
To keep the body functioning properly, 


we must eat a variety of foodstuffs — carbo- 
hydrates, fats, proteins, minerals, water, 
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DIAPHRAG! 
RAISED 
DIAPHRAGM J 
LOWERED 7 
Whenever we breathe in, by j the ribs and 
lowering the diaphragm, air t} h in oxygen is 
drawn into the lungs by way vasal passages 
and the windpipe, and the lur jand. When we 
breathe out, the diaphragm is d and the ribs 


are lowered. The lungs contract. «<pelling carbon 


dioxide and water vapor 


and vitamins. These are necessary for pro- 
viding muscular energy, body heat, and the 
energy required by such processes as cell 
division, secretion, absorption, excretion, 
and growth. They are needed for building 
protoplasm and the chemical substances 
that control body functions. 

When food is swallowed, it posa 
through the esophagus to the stomach an 
on to the small and large intestines. Soli 
food must first be mechanically broken UP 
by the teeth. These structures originally 
evolved from small pointed skin teeth, oF 
dermal denticles. They jutted from the skin 
that margined the developing jaws of an- 
cient fishlike vertebrates. j 

In the stomach and small intestine 
food is chemically broken down, or digest 
ed, by the aid of stomach enzymes. panc 
atic enzymes from the pancreas, and bile 


from the er. The now soluble food mate- 
rial is ab ved through the lining of the 
small inio-i¢ne. Water is absorbed by the 
large i ze. This organ also stores the 
solid dig e wastes, or feces, before they 
are elin d. The absorbed nutrients are 
picked ı the blood and carried to all the 
cells of ody. Here the food is metabo- 
lized— t] chemically changed to yield 
energy : iild protoplasm. 
HORMO AND REPRODUCTION 

The crine glands, or glands of in- 
ternal sec >\ion, play an important part in 
the dige process through the chemical 
substar called hormones, that they re- 


lease ji; he blood stream. Hormones 


from the nal glands affect the metabo- 
lism of proteins, and carbohydrates 
and en he proper balance of minerals 
and wi Hormones from the thyroid 
gland ulate the combustion of food 
materials in the cell. Those from certain 
gland c ı the pancreas govern the me- 
tabolism œt sugar. 

En ine glands also play an impor- 
tant par in reproduction. The glands 
known as ovaries are responsible for the 
development of the female sex organs and 
milk glands. The comparable glands ‘in the 


male —the ‘estes — govern the development 
of the male sex organs and sex behavior. 
Female sex cells, or eggs, are produced by 
the ovaries. Male sex cells, or sperm, are 
produced by the testes. 

Normally, only one of the egg cells 
produced by the ovaries ripens in every 
twenty-eight days. The female’s body is 
geared for this event. The uterus, or womb, 
is prepared to receive, or implant, the ferti- 
lized egg. If fertilization does not occur, the 
lining of the uterus breaks down. Soon, 
however, the uterus is again built up in anti- 
Cipation of the next possible implantation. 
This cycle, called the menstrual cycle, is 
controlled by hormones. 

Fertilization takes place when a sperm 
Succeeds in reaching and penetrating an egg 
cell. The fertilized egg develops into an 
embryo, which is enclosed in the uterus. 
Tissues from the embryo intimately inter- 
lock with tissues lining the uterus to form 


what is known as the placenta. Through the 
placenta, the developing young receives 
oxygen and nutrients, from its mother’s 
blood, and passes out carbon dioxide and 
other wastes. After a period of about nine 
months, development within the uterus is 
complete, and the baby is born. 

The endocrine glands, through the 
agency of their hormones, preside over 
such relatively slow processes as metabo- 
lism, growth, and development. The more 
rapid activities of muscular movement, 
gland secretion, and thought are under the 
direction of the nervous system. 


RECEPTORS AND THE BRAIN 


The brain and the spinal cord, with its 
branching spinal nerves, make up the cen- 
tral nervous system. Nerves ending in the 
skin receptors and in the special sense or- 
gans, such as the eye and ear, receive stim- 
ulation from the outer world and rapidly 
transmit impulses to the spinal cord or 
brain. Nerve impulses from these then 
speed to the appropriate muscles and stim- 
ulate their action. Thus, through the agency 
of the central nervous system, we gain in- 
formation about the world and respond to 
such information. Our internal affairs are 
controlled by the autonomic nervous sys- 
tem, a set of nerves widely scattered 
through the interior of the body and con- 
nected with the spinal nerves. This system 
stimulates secretion from various glands. It 
also brings about appropriate movement of 
the smooth muscles which compose the 
walls of the internal organs. 

From the anatomical viewpoint, there- 
fore, Homo sapiens represents an intricate 
combination of various systems — muscu- 
lar, skeletal, circulatory, excretory, diges- 
tive, glandular, nervous — all of which play 
a vital part. Human anatomy, as we have 
considered it thus far, presents nothing par- 
ticularly remarkable, when compared to the 
anatomy of other mammals. Yet in some 
respects, as we have pointed out, humans 
are unique creatures. How did this unique- 
ness come about? To answer the question, 
we must go back in time to humans’ primate 
ancestors and see what factors led to our 


evolution. 
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EVOLUTIONARY T= -NDS 


Life in the trees had made the pri 
alert and agile animals. Thov had develo; 
excellent muscular coo 
could leap or swing from 
other, maintain their balance, ¢ 
to make another movement 

They depended on €; 
smell to find food and dete: 
their sense of smell wa 
snout was unnecessary. Consequently, 
nose was reduced and tl- eyes shifted 
the front of the face. With t i 
forward, the fields of vis 


giving stereoscopic vision, or the ability ti 
perceive depth. Primates » so have excel 


lent hearing. 
These animals posse 
curiosity. Though they go 0ère 
all fours, they had grasp»: 
by which they could fee’ 
jects and examine them. 


modern-day chimpanzees =ù 
behavior. They searches 
sources of food and no dow! 


defense, except their canir 
lived by their wits. They saw or heard th 
enemy first and made their escape by flee 
ing or hiding. 
All of these characteristics and activi 
ties were associated with a remarka 
development of the brain. This develop 
ment was most pronounced in the cerebrum 
—the two large lobes that make up the m 
prominent part of the brain. The cereb 
of many lower vertebrates is concerne’ 
with the sense of smell. But in the primat 
since the smell function is reduced, the © 
rebrum is primarily involved with the ané 
sis of what is seen, what is heard, and WI 
is touched. Above all, it controls locomo™® 


The comparative size of the brain in a human be 
a gorilla, a dog, and a fish. The extraordinary 
velopment of the brain — particularly the part 
the cerebrum—played a major role in the 
human civilization. 
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id 
activi the complex use of muscles for The fossilized jaws and cranium of an australopi 
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teresti ) note that the seat of our higher Clevelond Mus History from UPI 
menta ilties in the cerebrum seems to 
lie alo le those areas that govern mus- 
cular nents. 
Tt fe of the primate placed a pre- 
mium ı well-developed brain, Natural 
selection preserved any brain modification 
that allowed the animal to adapt better to its 
surroundings and to survive, so that it could 
reproduce, The evolution of the primates, 


as indicated by the fossil record and living 
Species, progressed in the direction of this 
greater brain development. 


TOWARDS HOMO SAPIENS 

The primates that were to give rise 
to the human stock were four-footed ani- 
mals, equipped with a good brain, excellent 
eyesight, and very nimble fingers. They 
showed endless curiosity and had a decid- 
ed bent for cooperative group living, like 
many primates. The important factor that 
converted an apelike primate into a fore- 
runner of the modern Homo sapiens Was 
the adoption of an upright posture. 

We do not know how this change took 
Place. Probably a population of pioneering 
primates who were able to stand and walk 
somewhat more erect than other popula- 
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National Geographic photo via UPI 


Or. Richard Leakey, an eminent anthropologist, led 
the team that discovered skull fragments of a 
humanlike creature that lived in Africa about 1.9 
million years ago. 


tions found that they were now able to 
make a living on the ground. Since these 
primates survived and reproduced in this 
environment, they passed on the erect-pos- 
ture trait to their offspring. 

In the embryos of mammals, the long 
axis of the head is at a right angle to that of 
the trunk. This angle is called the cranial 
flexure. During development, this flexure in 
most mammals straightens out so that the 
trunk and the long axis of the head are on 
the same line. In the evolution of man, 
however, the embryonic cranial flexure was 
retained as a permanent feature in the 
adult. This meant that the line of vision was 
at right angles to the body. In order to see 
straight ahead, the body would have to be 
in an upright position. Modifications in the 
bones of the hip and thigh were associated 
with the erect stance. The bones of the foot 
were remodeled to form a substantial base 
on which the body could stand. 

The earliest manlike ancestor may 
have arisen from a population of primates 
existing about 35 million years ago. These 
animals would also have been the ancestors 
of the apes. 

In any case, we find that once some 
later, manlike ancestor stood and walked 
erect, new and profound possibilities were 
open to him. This primate no longer needed 
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his hands for walking. Th: 
free to pick up objects, carr 


were entirely 
hem, closely 


examine them, or throw m. His brain 
and the skillful use of his ds may have 
developed together, one « ndent upon 
the other. Better contro! \ ‘eveloped for 
using the hands coopera! y. Sooner or 


id by experi- 
‘ick as a dig- 


later, one of our ancestor 
menting that he could us 


ging tool, lever, spear, or í Stones were 
employed as pounders, pers, or mis- 
siles. In effect, early man had invented 


material as 
extension of 


tools by which he could 
he wished. Tools becam 


his hands, a basic part oí . so that he 
changed his environr » and more. 
By using tools, new feat the environ- 
ment were opened to |! riosity. The 
brain acted upon thes: yveries and 
continued to develop. 

The diet of ground-dwelling primates 
came to be more varie : that of the 
arboreal primates, which ruit, leaves, 
and small animals. Early became om- 
nivorous, adapting himself to an assortment 


s an important 
o sapiens. The 
1971  stone-tool 
ry—the Tasaday 
d. These people 


The making and using of too! 
early step in the evolution of 
first tools were stone tools 

people living in the 20th ce 
of the Philippines—were disco 
may be a key to the human past 


in Foundation 


of food th but few restrictions on his 


feeding , he could survive under con- 
ditions vould cause a more specialized 
anima! rve. 

Th of stones and sticks as weap- 
ons all yur ancestors to kill bigger and 
faster Hunting together in packs, 
they c yutwit and outmaneuver their 
quarry hunting undoubtedly called 
for coc ion among the hunters, Leader- 
ship ar ipline within the ranks became 
an est ] part of this activity, The 
female inwhile, gathered food and 
prepar nd cared for the young. They 
also te the cooking fires, the use of 
which been a momentous discovery 
someti ing human evolution. 


Ar rtant factor in cementing fami- 


ly relat hips was the long postnatal de- 
velopr F the young. The mother could 
not eas rry her young on a hunt or ex- 
tended tion, so she maintained a base 
where ould care for them. It is pre- 
sumed her mate brought back food 
from th it. Since development to matu- 
rity w rolonged, the young male and 
female ı long period in which to learn 
about hunting, food gathering, and the other 
activities of the group. 


A most significant feature of man’s 
evolution was the development of the 


The development of lan- 
guage and social organiza- 
tion were also important 
Steps in human evolution. 
Here a group of Tasaday talk 
Of their life to one of the first 
Outsiders to visit them. 


communication system that we call lan- 
guage. This involves the use of symbols, in 
the form of words or phrases, By using a 
symbol, one can represent a concrete ob- 
ject, even when it cannot be seen or heard 
or felt. In early man’s family, which was 
probably separated in its activities, the use 
of language became a uniting force, Pro- 
men could communicate with each other 
about weapons, tools, the nature of the kill, 
the use of fire, and so on. 

With the development of language, the 
family became better united, and social re- 
lations were established. Through speech 
and finally through writing, a new dimen- 
sion was added to man’s evolution. He 
could teach his children more effectively. 
He could record his history and so transmit 
the wisdom of the past down through the 
centuries to the men of the present. No 
longer was organic evolution, or the inheri- 
tance of modifications through physical 
reproduction, the only force in man’s de- 
velopment. He now had a new heredity — 
the passing on to his descendents of the 
accumulated knowledge gained by his ex- 
perience. 

Man’s uniqueness, therefore, is asso- 
ciated with the development of his brain 
and the progress that this development 
has made possible. 
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STRUCTURE OF THE B 


DY 


by Mac. V. Edds, Jr. 


The human body is an amazingly intri- 
cate structure. There are surface details 
such as the facial features, the hair, and the 
nails. There are also many meters of intes- 
tines, many kilometers of nerves, over two 
hundred bones, and countless millions of 
cells. Yet the body is not a hopeless jumble 
of unlike parts, joined together in hit-or- 
miss fashion to form a living being. On the 
contrary, it represents a striking combina- 
tion of closely interlinked basic units. 

The common substance of which all 
living creatures are fashioned is called pro- 
toplasm, from two Greek words meaning 
“first form.” This jellylike substances may 
be the most complex material in the uni- 
verse. It is the source of all the bodily 
activities of living things, large and small. 


The cell is the basic structural unit of the body. 
Below: diagram of a typical cell, showing some of 
the organelles, or sites, of important events within 
the cell. 
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CELLS 


The protoplasm of the human body is 


contained within cells, which are the struc- 
tural units in the body. Mest of these are 
too tiny to be seen with | aked eye. If 
fifty cells of average size were laid end to 


spread across 


end, they would scarc: 


the period at the end of this sentence. 

The protoplasm of a coil is divided into 
two parts: nucleus and the cvroplasm that 
surrounds it. A thin, sligi elastic mem- 
brane forms the outer su of the cell. A 
similar membrane, whic! led the nu- 
clear membrane, separates the nucleus 
from the cytoplasm. 

The nucleus is general round or egg- 
shaped. It contains one or {ore dark round 
bodies, known as nucleoli, «0 a number of 
extremely fine, slender threads bearing 
many irregular granules along their sur- 


faces. These threads are the chromosomes. 
The factors of heredity —ihe genes—are 
located in the chromosomes. i 
With the exception of the reproductive 
cells, every true cell in a given living 
creature has the same kind and number of 
chromosomes. In each human cell, except 
for the reproductive cells, the number is 46. 
Each mature reproductive cel! has 23 chro- 
mosomes. The part that such cells play 18 
discussed elsewhere in this set. A 
Living cytoplasm is a watery fluid in 
which various chemical substances, such as 
proteins, fats, and salts, are dissolved. Cy- 
toplasm is not just a structureless solution, 
however. The molecules of which it con- 
sists are arranged in granules, threads, an 
other structures, all so small that only the 
electron microscope can reveal them clear- 
ly. These tiny structures within the cell are 
called the cellular organelles. They are the 
sites of all-important events, such as the 
controlled release of energy from nutrients 
and the manufacture of new compounds on 
which growth depends. 7 
The cytoplasm also contains certain 


nonlivii ubstances, which range from 
small, « fat droplets to fine grains of 
pigmen! !n certain cases, bacteria and 
other f n particles may be seen in the 
cytople.* . Often they are undergoing slow 
digesti 

The: e many millions of millions of 
cells in» 1 body. The red blood cells alone 
numbe jut twenty-five million million. 
And ye’ «ch one of us originated as a sin- 
gle cel fertilized egg. From this egg, all 
our celi- vere then derived by a process of 
cleave division. 

Ce. division is a relatively complicat- 
ed pro . but we can give its essentials 
quite ©) ly. During the normal life of a 
cell, ths comes a time when each of the 
chrom ne threads splits lengthwise into 
two, F resulting daughter chromosome 
is an e -ct replica of the original. When all 
the ch osomes in a nucleus have split, 
the cel: as twice 46, or 92, chromosomes. 
These threads, or daughter chromo- 
some ww begin to coil up like spiral 
springs. They finally become so tightly 
coiled tt they resemble small, very dense 
rods, Then the cytoplasm of the cell starts 
to pinch in half. As the halves pull apart, 
each receives one of the daughter chromo- 
somes ihat arose from the splitting of the 
original 46 chromosomes. After the divi- 
sion, the tightly spiraled threads uncoil 


again. Now there are two daughter cells 
that are precisely like the mother cell. 

This type of cell division is known as 
mitosis. It is of great importance in the 
growth and development of the body and in 
maintenance and repair when the body is 
full grown. Cells are continually dying and 
being replaced in our bodies. Thousands of 
dead cells are washed from the surface of 
the skin every time we bathe. It has been 
estimated that during every second of our 
life, 10,000,000 red blood cells die and are 
replaced by new ones. For a detailed dis- 
cussion of cell structure, function, and divi- 
sion, see the article “Cell” in The New 
Book of Popular Science. 4 

We have been speaking of cells in a 
general way, as though they were all alike. 
As a matter of fact, they differ as widely as 
do the bodily structures in which they are 


found. A muscle cell, for example, is espe- 
cially adapted to contract and produce 
movement; a kidney cell, to assist in pro- 
ducing and excreting urine. 


TISSUES 


Similar cells are grouped together in a 
regular fashion to form tissues. Muscle is 
one type of tissue. It consists of thousands 
of fine filaments or fibers piled up side by 
side. Each fiber is a muscle cell. While it is 
true that any tissue is made up primarily of 
a single cell type, other types are also usu- 
ally present. Thus cells of connective tis- 
sue, loosely arranged, penetrate the spaces 
in and around the muscle cells and hold 
them together. Connective tissue knits vari- 
ous other body tissues into working units. 

There are four main kinds of tissues. 
These are: (1) the protective, or lining, tis- 
sues that cover the outer surface of the 
body and line certain internal organs; (2) 
the muscular, or contractile, tissues; (3) the 
connective and supporting tissues; and (4) 
the conducting, or nervous, tissues. 

Epithelium. The protective, or lining, 
tissue is commonly called epithelium. Its 
cells are called epithelial cells. Some are 
flat, others are like cubes, and still others 
are cylindrical in form. The outer part of 
the skin, for instance, consists of layer upon 
layer of flattened epithelia cells, In the 
digestive tract, the epithelial cells are most- 
ly in the form of tall cylinders. 

The windpipe and parts of the lungs 
have an inner coating of specially adapted 
epithelial cells with large numbers of tiny, 
flexible cilia, or threads, which beat with a 
whiplike motion sweeping mucus, dust, and 
foreign matter up into the throat, 

Not all epithelial cells form lining tis- 
sues. Many of them become modified for 
quite different functions. For example, vari- 
ous types of glands, from the sweat glands 
in the skin to those that secrete digestive 
juices in the stomach, are derived from cer- 
tain epithelial cells. 

Muscle. The second large group of tis- 
sues is the muscular type, made up of cells 
that range from a fraction of a centimeter 
in length to about 30 centimeters. There are 
three kinds of muscles. Smooth, or visceral, 
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Nervous tissue. In A, we see a cross secti ve. Itis made 
up of bundles of nerve fibers (dark areas ve tissue and 
al blood vessels. Each fiber is part of a neuro cell, such as 
th is shown in B. A nerve cell consists of seve here is acell 
body, containing a nucleus. Then, extencir the cell body, 
= there are filaments called processes. T! the dendrites 
TERMINAL = (some cells have only one), which directim the cell body, 
and the axon, which carries impulses away ell body. The 
processes constitute the fibers that are í id together in 
nerves, such as the one illustrated in A 

muscle, is found in the viscera, or internal tissue all fall within this ci: 
organs, of the body. Smooth muscle is In blood, the cells « he red and 
spread in delicate strands and sheets white blood cells. The matri which they 
throughout the digestive tract, the urinary are contained is the fluid / | plasma. In 
and reproductive organs, the blood vessels, cartilage and bone, the ce trapped in 
the respiratory system, and elsewhere. It more solid substances. The matrix of bone 
provides for movements that are not under is hard because of the presence of large 
our control but are indispensable for the amounts of calcium salts. which give bone 
functioning of our bodies. its solidity and strength. If the salts are dis- 


Skeletal muscle is more familiar to us. 
As the name indicates, it is attached to and 
moves the bones of the skeleton. All 
muscle cells are long, thin filaments. In the 
long cells of skeletal muscle are found large 
numbers of filaments called myofibrils, 
which run lengthwise through the cyto- 
plasm. They are marked with alternating 
dark and light bands. 

Cardiac muscle is found in the heart. 
Here the cells are joined end to end ina 
continuous branching network instead of 
being set off as separate units. This ar- 
rangement, in which each cell is directly 
connected with its neighbors, seems to be 
well adapted for producing the sustained, 
rhythmic contractions of the heart. 

Connective tissue. When we speak of 
connective tissue, we have in mind a large 
number of similar cells all embedded in a 
fluid or solid medium, called a matrix. Such 
diverse things as blood, bones, cartilage, 
tendons, ligaments, and adipose, or fatty, 
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solved from a dead bone or are lost during 
life as a result of improper nutrition, the 
bone loses its strength, becomes supple, 
and can be bent. 

The soft connective tissues are com- 
posed primarily of irregularly star-shaped 
cells within a semifluid substance. In addi- 
tion, fine fibers run through the matrix, 
making it denser and stronger. The strengt 
and elasticity of loose connective tissue 1S 
dependent on these fibers. The skin, for in- 
stance, is firmly attached to underlying 
structures by bands of loose connective 
tissue. 

Nervous tissue. The conducting, or ner- 
vous, tissues are found in the brain and 
spinal cord as well as in the nerves that 
connect these organs with the rest of the 
body. A nerve cell consists of two ele- 
ments. One of these is the cell body, a tiny 
irregular mass of cytoplasm containing the 
nucleus, several granules, and many Os 
tremely fine fibrils. The second element 1$ 


generaly “ade up of one or more filaments 
of cyton =m extending out from the cell 
body. (=> ‘ype of filament carries impulses 
away fi ihe cell body to some other cell. 
Anothe: oe directs impulses into the cell 
body. Seve of these filaments are almost 
unbelic long—about one meter in 
length 

ORGAN 

Jus the cells are grouped to make 
tissues ues are combined to form still 
larger more complex units, the or- 
gans — stomach, the intestines, the 
trache kidney, the spleen, the liver, 
the he id others. 

Le. © consider an example. The organ 
that is | the stomach breaks down the 
food w- «i into simpler compounds, which 
the bo n use. The mechanical action of 
the sti 'h is made possible by its strong 
muscu alls. As they contract, anything 
within ¿> stomach is churned and broken 
up. Thre layers of smooth muscle make up 
most of -he thickness of the stomach wall. 
One layer runs circularly around the organ, 
another jayer is arranged lengthwise, and 
the third is oblique. Thus, each layer of 


muscle produces its effect in a different 
plane, snd the total pattern of movement is 
highly effective for churning and mixing 
food particles. 

The epithelial cells that line the diges- 
tive tract have already been mentioned. 
The inner surface of the stomach is thrown 
into folds, and over these the epithelial 
covering is fitted like a glove over the fin- 
gers. In the deep grooves that lie between 
the folds, different glands are developed 
from the epithelium. These glands secrete 
the various digestive juices that assist in the 
chemical breakdown of food. 

Nerve fibers and blood vessels pene- 
trate the stomach along its outer surface 
and branch into a rich network within its 
wall. Finally, there is connective tissue. 

In some organs—the stomach, for ex- 
ample—muscular tissue predominates. In 
Others, like the kidney or liver, special epi- 
thelial tissues make up the bulk of the or- 
gan. In the brain, nervous tissue is naturally 
the most important element. The trachea 


is an example of an organ where connective 
tissue is predominant. 


SYSTEMS 


Organs are grouped together to form 
systems. Thus the digestive system in- 
cludes the mouth and throat cavities, the 
esophagus, the stomach, the small and large 
intestines, and the rectum. These organs 
all contribute to the same general function: 
digesting and assimilating food. Each organ 
in the system is a link in the chain. If it 
fails, or falters, the whole process of diges- 
tion is handicapped to some degree, if not 
actually prevented. 

The body systems include the skeletal, 
muscular, circulatory, digestive, respira- 
tory, excretory, lymphatic, endocrine, ner- 
vous, urogenital, and integumentary. 

In the skeletal system, the bones serve 
as a framework for the body and protect 
internal organs. They manufacture red 
blood cells in the marrow of long bones. 
They store calcium, which is supplied at 
intervals to the blood. 

The muscular system accounts for all 


The stomach contains mostly muscular tissue, but 
also some epithelial tissue, connective tissue, and 
nervous tissue. 
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motion in the body, as the muscles that 
make up the system contract and relax. 

The circulatory system carries blood 
to every part of the body. It consists of a 
pump —the heart—and a system of “pipes” 
—blood vessels. 

The digestive system subjects the food 
we eat to a series of physical and chemical 
changes. These make available to the tis- 
sues the nutrients contained in the food. 

In the respiratory system, oxygen 
passes to the lungs through the process of 
inhalation and is absorbed by the blood. 
Waste products—carbon dioxide and wa- 
ter—are carried by the blood to the lungs, 
from which they are expelled as we exhale. 

In the excretory system wastes are ex- 
tracted from the blood and are then passed 
out of the body in the urine. 

The lymphatic system is made up of a 
series of ducts. Through these flows a liquid 
called lymph, which ultimately passes into 
two large veins. 

The endocrine system consists of a 
group of glands, which empty their body- 
regulating secretions called hormones, into 
the bloodstream. 

In the nervous system of the body, 
impulses are carried by nerves to and from 
the central nervous system. 

The urogenital system includes the 
urinary organs and the organs of reproduc- 
tion. 

The integumentary system is made up 
of the skin, hair, and nails (derived from the 
skin) and the structures associated with the 
skin. This system protects the underlying 
tissues, acts as a sensory organ, and plays 
an important part in regulating body tem- 
perature and in excretion. 


ALL CLOSELY INTERDEPENDENT 


We must not think of the different sys- 
tems of the body as more or less isolated 
from one another. Actually, they are clo- 
sely interrelated. Let us take the heart, for 
example. Suppose that we considered it 
only as a pumping organ belonging to the 
circulatory system. We would want to 
know something about the mechanics of 
circulation. We would find out that blood is 
pumped from the heart to the arteries; that 
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it makes its way to the capillaries and 
turns to the heart by way he veins; that 
it passes from the heart to the lungs and is 
then returned to the heart; that the cycle is 
renewed as blood is once more pumped 
through the arteries. This kiad of informa- 
tion would give us a very sketchy idea of 
the heart and its functioning 

For one thing, to re: 
portant part it plays, ws 
know about the fluid tha 
would learn that this fluid 
a vital part in resistance 
maintaining a fairly constani 
the body. We would lea: 
serves to transport oxyger 
find out how closely the re 
is linked to the circulat« system. For 
when the blood is pumpe ae lungs from 
the heart, it absorbs the oxygen that we 
draw into the lungs whenever we inhale. 
After this oxygen-enriched blood is re- 
turned to the heart, it is ved by way of 
the arteries and capillaries to ‘lie cells of the 
body. The blood also transports nutrients 
which have passed into it from the digestive 
system, and these nutrients also pass to the 
cells. Here they combine chemically with 
the oxygen that had been carried in the 
blood stream. The process of combustion, 
or internal respiration, then takes place. It 
is a source of heat and energy. 1 

The blood pumped by the heart is also 
intimately connected with the endocrine 
system. The endocrine glands pour out into 
the blood stream the hormones that regulate 
the activities of the body. The skeletal sys- 
tem also plays a part in the activities of the 
blood, for its stores calcium, which is rê- 
leased to the blood. 5 

We would have to consider, likewise, 
the heart in relation to the muscular system 
of the body. We would learn how the cat- 
diac muscle—the muscle of the heart 
works. We would have to take into account 
that action of the nervous system as it al- 
fects the heart. We would have to analyze 
the functioning of the cardiac nerves, OF 
nerves of the heart. We would come tO 
realize that there is not a single system in 
the body that is not connected with the 
circulatory system and its pump, the heart. 


> what an im- 
ould have to 

pumps. We 
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isease and in 
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1. SKULL 

2. CLAVICLE 
3. SCAPULA 
4. STERNUM 
5. RIBS 

6. HUMERUS 
7. VERTEBRAL COLUMN 
8. PELVIS 

9. RADIUS 

10, ULNA 

11. PUBIC BONE 

12. FEMUR 

13. METACARPALS 

14, PHALANGES 

15. PATELLA (inset) 

16, TIBIA (inset) 

17. FIBULA (inset) 

18. METATARSALS (inset) 
19. PHALANGES (inset) 


SKELETAL SYSTEM The 
more than two hundred 
bones in the body make up 
the skeletal system. These 
bones serve as a framework, 
giving form to the body, pro- 
tecting the vital organs, and 
bearing weight and strain 
But they are more than a 
simple framework. They are 
living structures: tissues 
which are generously sup- 
plied with blood. They are a 
chemical laboratory, where 
red blood cells are manufac- 
tured; they are also a store- 
house for the vital mineral 
calcium, which is supplied to 
the blood stream as required 
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lt ee Se, Te 
man muscle is flesh; it is 
made up of bundles of fibers, 
each fiber being a cell. The 
more than six hundred dif- 
ferent muscles in the human 
body account for all body 
motion as they alternately 
contract and relax. They 
range in length from less 
than one half of a centime- 
ter to more than one meter. 
There are two principal kinds 
of muscle. The voluntary, or 
striped, muscles, attached to 
the bones, are under the 
control of the will; the invol- 
untary, or smooth, muscles, 
are not controlled by the will 
(The heart, or cardiac, mus- 
cle is an intermediate vari- 
ety.) Here we show some im- 
portant voluntary muscles. 
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18. 


2. 
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4. 
5. 
6. 
7. 
8. 
Ls 
10. 
"m 
12. 
13. 
14. 
15. 
16. 


STERNOMASTOID 


. TRAPEZIUS 

. PECTORALIS MINOR 
. DELTOID 

|. PECTORALIS MAJOR 
. BICEPS 

'. TRICEPS 

|. RECTUS ABDOMINIS 


RACHIORADIALIS 
OBLIQUUS EXTERNUS ABDOMINIS 


+ OBLIQUUS INTERNUS ABDOMINIS 
|. SARTORIUS 

|. TENSOR FASCIAE LATAE 

- RECTUS FEMORIS 

- GRACILIS 

- GASTROCNEMIUS 


(inset) 
TIBIALIS ANTERIOR 
(inset) 

SOLEUS (inset) 


& 


1. TEETH 

2. TONGUE 

3. PHARYNX 

4. fae 

5. [LUNGS] 

6, ESOPHAGUS 

7. LIVER 

8. [SPLEEN] 

9. STOMACH 

10. DUODENUM 

11, SMALL INTESTINE 

12. LARGE INTESTINE 

13. VERMIFORM APPENDIX 
14, RECTUM 

15. [BLADDER] 

16. LIVER (inset) 

17. GALL BLADDER (inset) 
18. COMMON BILE DUCT (inset) 
19. PANCREAS (inset) 

20. PANCREATIC DUCT (inset) 
21. DUODENUM (inset) 


DIGESTIVE SYSTEM In the 
digestive system, the food 
that is taken into the body 
undergoes a series of physi- 
cal and chemical changes, 
gives up its nutrients to the 
tissues, and then is dis- 
charged as waste matter 
(feces) from the body. In the 
course of these transforma- 
tions, the food passes 
through the digestive tract, 
a long tube that is expanded 
in certain places. The tube is 
made up of the esophagus, 
the stomach, the small and 
large intestine, the rectum, 
and the anus. Certain glands, 
such as the liver and the 
pancreas, located outside of 
the digestive tract, pour their 
secretions into it through 
ducts, 


STRUCTURE OF THE BODY 


165 


———————————— 


EXCRETORY SYSTEM Inthe 1, FaN] 

excretory system, wastes are £ epera 

extracted from the circulat- 4. LEFT KIDNEY 

ing body fluid. The kidneys 5. [AORTA] 

are the chief organs in- 6. [VENA CAVA] 

volved. They extract fromthe 7. RIGHT URETER 

blood the waste product 8. LEFT URETER 

urea; this is carried in the k Teca 

Puid; called: urine ‘fromthe’ 11 CROSS secnow OF KIDNEY (inset) 

kidneys to the bladder by 12. PYRAMIDS (inset) 

way of the ureters, Urine iS 13. RENAL ARTERY, LEADING TO KIDNEY (inset) 

emptied from the bladder at 14. RENAL VEIN, LEADING FROM KIDNEY (inset) 

certain intervals. 15. RENAL PELVIS, EXPANDED UPPER END 
OF URETER (inset) 

16, URETER (inset) 


RESPIRATORY SYSTEM Ox- 
ygen, drawn in when we in- 
hale, passes by way of the 
Pharynx, larynx, trachea, 
and bronchi to the lungs 


It is absorbed by the red A. PHARYNX 

blood cells as blood passes B. LARYNX 

through the lungs. The oxy- © aces (WINDPIPE) 
gen is then carried in the E BRONCHUS 

blood to the cells, where ç BRONCHIAL RAMUS 


food material is oxidized and. [ESOPHAGUS] 
the waste products carbon 

dioxide and water are 

formed. The latter products 

are transported in the blood 

to the lungs, and are expelled 

when we exhale. 
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» INTERNAL JUGULAR VEIN 
. RIGHT SUBCLAVIAN 


ARTERY AND VEIN 


|. SUPERIOR VENA CAVA 
. ARCH OF AORTA 

. PULMONARY ARTERY 

. PULMONARY VEIN 


HEART 
AORTA 


. INFERIOR VENA CAVA 
). CAPILLARIES 
. COMMON ILIAC 


ARTERY AND VEIN 


. LUNG (inset) 

. SUPERIOR VENA CAVA (inset) 
|. ARCH OF AORTA (inset) 

. PULMONARY ARTERY (inset) 

. PULMONARY VEIN (inset) 

. RIGHT AURICLE (inset) 

. LEFT AURICLE (inset) 

). RIGHT VENTRICLE (inset) 

). LEFT VENTRICLE (inset) 

. INFERIOR VENA CAVA (inset) 
. AORTA (inset) 
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THE CIRCULATORY SYS- 
TEM The blood is carried to 
every part of the body in the 
circulatory system, This con- 
sists of a pump—the heart— 
and a network of blood ves- 
sels—arteries, veins, and 
capillaries. Oxygen-rich 
blood is pumped by the heart 
to the different parts of the 
body through the aorta and 
other arteries. Passing into 
the capillaries, it gives up ox- 
ygen and food materials (ab- 
sorbed from the small intes- 
tine) to the tissues and re- 
ceives waste materials (that 
is, carbon dioxide and wa- 
ter). The blood then passes 
to the veins and is returned 
to the heart. It is pumped by 
the heart through the pul- 
monary artery to the lungs, 
where waste products are 
discharged and fresh oxy- 
gen is received. Then it is 
returned to the heart by way 
of the pulmonary veins. 
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ENDOCRINE SYSTEM The 
endocrine system is made 
up of a group of glands 
called endocrine glands, or 
glands of internal secretion. 
They include the pituitary, 
the thyroid, the parathyroids, 
the islands of Langerhans 
(in the pancreas), the adre- 
nals, the gonads (sex glands) 
and, perhaps, the thymus. 
These glands secrete hor- 
mones, which pass into the 
blood stream and which help 
to regulate the activities of 
the body. 


LYMPHATIC SYSTEM This 
consists of a series of ducts 
—the lymph  vessels— 
through which flows a fluid 
called lymph. Lymph is de- 
rived from the tissue fluid 
that occupies the space be- 
tween cells. It is emptied 
from the largest ducts in the 
system into two big veins of 
the neck and merges with 
the blood stream. Most of 
the larger lymph vessels 
have, along their course, 
enlarged structures called 
nodes. The nodes trap vari- 
ous particles, manufacture 
white blood cells (the so- 
called lymphocytes), and 
also produce antibodies. 
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1. PITUITARY, 
2. [LARYNX] 
3. THYROID 
4. [TRACHEA (WINDPIPE) } 
5. THYMUS 
6. RIGHT ADRENAL 
7. LEFT ADRENAL 
8. PANCREAS (seat of 
islands of Langerhans) 
9. GONADS (male sex 
glands, or testes, shown) 
10. [LARYNX] (inset) 
11. THYROID (inset) 
12, PARATHYROIDS (inset) 


A. LYMPHATICS OF TONGUE 

B. DEEP LYMPHATIC NODES 
OF NECK AND CHEST 

C. RIGHT AXILLARY NODES 

D. SUPERFICIAL LYMPH 
CHANNELS 

E. DEEP PELVIC 
NODES 

F. INGUINAL 
NODES 


CROSS SECTION OF SKIN 


THE SKIN 


by Mac V. Edds, Jr. 


The outward appearance of a normal 
human body can give us no idea of the 
immense networks of tissues, nerves, 
bones, b'ood vessels, muscles, and other 
structu hat extend from head to toe. 
The reason is that the body is covered with 
a more less smooth envelope, the skin, 
and wil rtain outgrowths of the skin that 
we cal! the hair and the nails. 


The skin, or integument, is the largest 


organ in the body, outweighing even the 
liver. its surface area, in the case of the 
norma! (lt, averages over 20,000 square 
centimet Every square centimeter of 
skin in most areas of the body contains 
hundre of oil glands, sweat glands, 
and nerve endings, many centimeters of 
small blood vessels, and many thousands 
of cells 


The thickness of the skin ranges from 
approx/mately 1/100 of a centimeter to about 
Yo of a centimeter. It is particularly thick in 
regions that are constantly exposed to fric- 
tion, like the palms of the hands, Friction is 
not wholly responsible, however, for the 
thickness of such areas, because the skin 


is well developed here at birth. 

The skin is composed of two main lay- 
ers, the epidermis on the surface and the 
dermis lying just beneath. 


EPIDERMIS 


The outer portion of the epidermis is 
the layer that peels off in thin sheets after a 
sunburn, When examined under the micro- 
scope, the epidermis is seen to consist of 
row upon row of flattened cells piled upon 
one another. The cells of the lowest levels 
look somewhat like squashed cubes with 
rounded edges. Many of them are dividing 
to produce new cells. Farther out, the 
cells become more flattened. As the ex- 
posed outer cells die, they become hard 
and, near the surface, are clumped in flakes. 
New cells pushed out from below replace 
the lost cells. 

As a result of the constant replacement 
of worn-out or damaged cells, the skin re- 
mains youthful over a period of many 
years. The cuts and bruises, the burns and 
scratches to which the skin is always ex- 
posed are generally soon healed. 


Left: cross section of skin, showing a hair follicle. Right: photomicrograph of 


skin. Rows of flattened epidermal cells lie atop 
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Fat globule 


densely packed dermal cells. 


Stratum corneum 


Sebaceous gland 


Arrector muscle 
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DERMIS 


Beneath the epidermis is the second 
and deeper layer of the skin, the dermis. It 
consists of a dense network of connective 
tissue laying under and nourishing the epi- 
dermis. Besides being made up of many ir- 
regular connective-tissue cells, the dermis 
contains innumerable microscopic fibers. 

There are two kinds of fibers in the 
dermis. The so-called collagenous fibers are 
strong and hard to stretch. The dermal 
fibers of the second type are elastic and 
enable the skin to adapt itself readily to the 
changing contours of the body during 
movement. In old age, these elastic fibers 
largely disappear and this is one reason 
why the skin becomes wrinkled. The pat- 


Skin differs in texture depending on what part of 
the body it covers. Top: close-up of the skin on the 
back of the hand. Bottom: the skin on the palm. 


tern of wrinkles in the © 
on the manner in whic 
pulled and stretched b: 

Unlike the epidern: 
richly supplied with bl 
provide nourishment, : 
nective tissue, but a! 
glands, nerve endings 
other structures. The 
the dermis and the epi 
small, interlocking felv- Nourishment- 
bearing fluids pass fron: «=c dermis to the 
epidermis through these * ds. 

The folds along the »sction between 
the two layers of the ı are best de- 
veloped in areas where thick. Over the 
palm of the hand and | ole of the foot 
these folds produce a se of ridges and 
grooves on the surface «|» skin. The pat- 
terns formed on the fing»: ‘ps by the arch- 
ing and looping of the ||. *©s produce the 


Jepends in part 
skin has been 

il muscles, 
the dermis is 
vessels. These 
ly for the con- 
=r a variety of 
scle cells, and 
dary between 
inis consists of 


familiar fingerprints. T+} are so many 
possible variations of the = 2¢ patterns that 
no two individuals have -ver been found 
with identical fingerprints ‘he pattern on 


each finger tip remains ur hanged from in- 
fancy to old age. It is so <onstant that it 
redevelops in all its detai} «ter the skin is 
scraped or burned. ‘ 

There are creases, called flexure lines, 
on the palms. The skin is folded along these 
creases during hand movements. 


PIGMENTATION 


The varying colors in the skins of dif 
ferent races of people depend partly on the 
amount of blood circulating through the 
dermis. They depend also to a certain eX 
tent on the texture of the dermis. Since this 
texture varies considerably in differen 
people, the light that falls on the skin Is no! 
always reflected in the same way. 

But differences in skin tints are due 
even more to the presence of variable 
amounts of a pigment, or coloring mati 
known as melanin. Small granules of BS 
blackish brown substance are found in t 
deep epidermis in all skin types. They ar 
found in greater quantity in the epidermis 0 
darker-skinned people. we 

Skin pigment Hf present at birth but va 
very lightly deposited, even in newbo 


Negroici ints. In the latter, however, the 
skin da s rapidly and soon attains its 
characte c color. The tan that one ac- 
quires o- © «posure to the sun is due in part 
to an ir se of melanin in the epidermis. 
There iher pigments that contribute to 
skin co! ut these are less important. 
FUNCT 

On the most vital functions of the 
skin is rotection of underlying struc- 
tures. under normal conditions the 
skin is rproof, it helps to conserve the 
water < nt of the body. Again, since the 
skin is »r conductor of light, it shields 
the resi he body, within certain limits, 
from th rmful effects of excessive light. 
Skin p nts contribute greatly to the 
effecti ; of the screening process. Na- 
tives © ipical countries, where the sun- 
light is se, have an unusual abundance 
of skin ent for this screening purpose. 


Tt yntinuous outer layer of the epi- 


dermi is an ideal barrier against bacte- 
rial inv as. Being both tough and pliable, 
itprote ‘5 the body from minor mechanical 
injuries. “he strength and elasticity of the 
dermis {ake it an effective cushion to pro- 
tect the delicate structures lying within it. 
The skin is also vitally important in the 
regulation of body temperature. When the 
body becomes overheated, the small blood 


vessels of the dermis enlarge and carry 
more blood close to the surface. The blood 
is then cooled by heat radiation and the 
evaporation of sweat from the skin. When 
it becomes necessary to conserve heat 
within the body, blood channels are re- 
duced and sweating ceases. 

In addition to its other functions, the 
skin serves as a large sensory organ. Nerve 
fibers extending out into the skin, for the 
most part, conduct sensory messages 
from the surface of the body to the spinal 
cord and brain. At the terminal point in the 
skin, each fiber may branch freely into a 
treelike structure, or it may coil up asa fine 
Spiral of varying form. Different types of 
Sensory messages are carried by different 
nerve fibers. Thus nerve fibers that are 
excited by painful stimuli,-for example, are 
different from those stimulated by touch. 


As a sensory organ, the skin is exceed- 
ingly important. Countless stimuli are con- 
tinually falling on its surface, exciting its 
nerve endings and sending volleys of im- 
pulses on their way to the brain. The aware- 
ness that comes to us from these impulses 
supplements information gained through 
our other senses. If the nerves to the skin 
are destroyed, this awareness is lost. 


SKIN GLANDS 


Sweat glands. The sweat glands of the 
skin aid in getting rid of certain waste prod- 
ucts. The openings of the canals through 
which the secretions of these glands reach 
the surface can be seen by examining the 
fingertips with a magnifying glass. Down 
the center of each of the ridges, a row of 
tiny depressions will be found. The canals 
that open into each depression spiral down- 
ward through the epidermis and into the der- 
mis where each connects witha sweat gland. 

The gland itself consists of a twisted 
tube of specialized cells that are able to ex- 
tract water and other materials from their 
surroundings. The sweat produced by these 
glands is largely water. It contains, at most, 
1 per cent of dissolved solids, or sodium 
chloride, and urea. Since salt is excreted 
when perspiration takes place, itis important 
to replenish the body’s supply of salt by in- 
cluding it in the diet during hot weather. 

Ordinarily the kidneys rid the body of 
99 per cent of the urea resulting from cell 
metabolism. But as much as 10 per cent of 
urea may be carried through the sweat 
glands when we perspire profusely. 

The quantity of sweat produced natu- 
rally depends on such things as external 
temperature, activity, diet, emotion, and 
state of health. Under average cool condi- 
tions, the normal healthy adult secretes 
about 225 milliliters daily. This quanti- 
ty may be increased many times by hard 
labor in the hot sun. There are about two 
million sweat glands scattered through the 
dermis in man. Their activity is most pro- 
nounced in areas like the hands and feet, 
face, neck, and armpits. Many animals are 
not so well provided for. In the dog, for 
example, only the footpads sweat, and 
nearly all cooling by evaporation takes 
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place from the lungs and tongue as the ani- 
mal pants. 

Sebaceous glands. A second type of 
gland, also lodged in the dermis, is the seba- 
ceous, or oil, gland. The sebaceous glands 
produce the oil that lubricates and water- 
proofs the skin and lends a gloss to the hair. 
Of the various regions of the skin, only the 
soles and palms are free of oil glands. The 
appearance of these areas after the body 
has been in water for a long period of time 
illustrates the importance of skin oil as a 
waterproofing agent. 


HAIR 


We come now to the modified kind of 
skin that we call the hair. One of the things 
that seems to set man off from other mam- 
mals is the small amount of hair over the 
surface of his body. As a matter of fact, 
however, the “naked” human skin is really 
covered with a great many fine hairs. Only 
a few regions, such as the lips and parts of 
the hands and feet, are completely hairless. 
If the human skin appears naked, it is only 
because the hair is generally inconspicuous. 

A baby has hair before it is born. It 
usually has more hair, in fact, while it is still 
within the uterus than at birth, At birth, the 
scalp is often covered with hair, which soon 
falls out. During the first few months of life 
a short, downy fuzz appears all Over the 
body. This hair is soon replaced by a 
coarser type over the scalp and eyebrows. 


Human sweat pores viewed through a scanning electro 
Pore is clogged by psoriasis, a skin disorder. Right: ano 


regulate body temperature by secreting fluids. 


rmal pore. Sweat glands 


Much later, it is simil replaced in o 
regions, suchas the a ts. But the dow, 
hair is retained over of the skin, 
When most p use the wor 
“hair,” they have in mind scalp hair, This 
differs considerably ng the various 


peoples of the wor! 
quantity. The hair of 
generally quite straig 
types, it is so short ar 
is almost woolly. T} 
tions between these 
degree of curliness d 
shape imparted to e: 
grows. The shape depi 
tion of the protein kera! 
hair. 


STRUCTURE OF HAIR 


The first sign of ha 
human being is a little k 
cells lying deep in the 1 
cells multiply rapidly and push down into 
the dermis to form a slender rod of tissue. 
Thus begins the formation of the follicle, 
the depression in the skin from which the 
hair grows. At the inner end of the rod of 
tissue, a cup-shaped bulb is fashioned. 

The cells lining the interior of this bulb 
now begin to form the hair shaft. They con- 
tinue to multiply actively. Some of them 
become flattened and tightly packed togeth- 
er. As more and more cells accumulate, 
they form a bud which pushes upward. This 


both texture 
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extremes. The 
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n microscope. Left: the 


Johnson and Johnson 


bud is hair shaft. It is made up of 
hundred- cf flat, horny cells so closely 
packed -at the individual elements can 
hardly cognized. The cells of the hair, 
like tho f the other epidermis, are grad- 
ually d is they move farther from their 
source ourishment. 

Fin the shaft pushes through and 
beyond surface of the skin. The growth 
center e base of the follicle remains ac- 
tive. A w cells are packed into the base 
of the | haft, its outer end continues to 
extend yer and farther from the surface 
of the Clearly, the growth of a hair 
depen: « »tirely on its follicle. If the latter 
is desi i, the hair that arose from it is 
gone f od. 

A ying amount of brownish black 
pigmer loaded into the hair shaft as it 
grows. tnis is the same melanin that is 
found e epidermis. The amount of pig- 
ment í is present naturally determines 
the ac color of the hair. As people age, 
the ce of the hair shaft changes and it 
tends | come filled with minute air bub- 
bles, wn make the hair appear gray or 
white. / ~ enters the hair only in the region 
where i: is actually growing, at the base of 
the folicie, and it takes time for the air- 
filled pa): of the hair shaft to reach the sur- 
face of ihe skin. That is why it is difficult to 


believe accounts of the hair turning gray 
overnight as a result of some emotional 
strain. 

The hair shaft consists of two layers 
built up around a central core. The outer- 
most layer is the cuticle. Its flat, four-sided 
cells overlie one another like shingles on a 
roof. The second layer makes up the bulk of 
the hair shaft. Its cells are so arranged that 
they give the hair maximum strength and 
flexibility. The cells of the central core are 
Shrunken and separated by numerous 
spaces. This core is not always present in 
the hair shaft, particularly in the case of 
hairs far thinner than the average. 


GROWTH OF HAIR 


The life of human hairs is limited. Most 
of them probably drop out after two or 
three years, though some may last as long 
as six years. In many animals the hair is 


shed every year during the approach of 
warm weather and it grows again in prepa- 
ration for winter. Certain hairs —for exam- 
ple, those in the tail of a horse— appear to 
last as long as the animal lives. 

When a hair drops out or is rubbed off, 
its follicle does not always die as a conse- 
quence. On the contrary, it generally per- 
sists and begins to fashion a new hair shaft. 
Each individual hair goes through a life cy- 
cle of its own. There is a period of youth 
when it grows rapidly. Then, there is an in- 
terval during which its growth is not so 
marked. Finally the hair stops growing and 
is shed. Over any particular area of the 
scalp, about 90 per cent of the hairs will be 
actively elongating at a given time. 

Contrary to popular belief, the rate at 
which hairs elongate is not increased by 
shaving them, It is true, however, that hair 
grows more quickly in the summer than in 
winter and more slowly at night than during 
the day. The normal rate of hair growth 
may be maintained even though various 
other tissues of the body have been severely 
affected by a condition of prolonged malnu- 
trition. 

There is a curious superstition that 
the hair keeps on growing even after death. 
This belief is a mistaken one. As we have 
seen, the extension of a hair from its follicle 
is a vital process depending on the activities 
of the living cells at its base. When a hair 
follicle is deprived of its blood supply at 
death, its cells die and no further growth 
can possibly occur. It is true, however, that 
the hair present at death may become 
somewhat more conspicuous as the skin of 
the corpse shrinks. 

Many hairs can be moved slightly. A 
small pimple arises at the place where the 
hair emerges from the surface of the skin. 
The shaft itself no longer lies flat but stands 
upright. This condition, known as “goose 
flesh” or “goose pimples,” is caused by 
cold (sometimes by fear). The movement of 
the hair shaft is produced by smooth mus- 
cle cells, a few of which are attached to the 
side of each hair follicle. In the vertical po- 
sition, the hairs serve to keep a thicker lay- 
er of stagnant air about the body, and this 
provides added protection against cold, 
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since air is a good insulator. Since man has 
lost most of his body hair, the added protec- 
tion does not amount to much. 

The hair is lubricated and made glossy 
by secretions that frequently pour out from 
the oil glands through the hair follicles. If it 
were not for this homemade lubricant, the 
hair would be brittle. 


HAIR LOSS 


Some people suffer a partial or total 
loss of hair—the familiar condition known 
as baldness. There are several kinds of 
baldness. In some cases, it does not seem to 
be due to any disease; the victim simply 
finds that his hair is growing thinner at the 
crown of his head or at the temples. At last, 
the follicles will not produce any more hairs 
and the skin is left bare. 

In other cases, loss of hair is due to a 
diseased condition. The most striking 
symptom is generally a scaly dandruff. This 
may be caused by any one of a number of 
ailments. Dandruff continues to appear 
while the hair is falling out, and it disap- 
pears when the hair is all gone. 

There is no sure cure for baldness. 
However, it may be checked by skillfull 
professional treatment. 


NAILS 


Like the hair, the nails are nothing 
more than modified skin. The tips of the 
fingers and toes of a young human embryo 
are covered only with skin. At the end of the 
third month of embryonic life, this skin 
starts to change and it is gradually convert- 
ed into nails. When the nail first begins to 
form, it lies beneath the horny outer layer 
of the epidermis. This outer layer usually 
disappears before birth, but part of it re- 
mains as the cuticle at the base of each nail. 

Two areas are easily visible in a well 
developed nail. The larger part is pink, due 
to the rich blood supply of the underlying 
dermis. Behind the pink region is a pale 
whitish area known as the lunula. All the 
growth that constantly pushes the nail for- 
ward takes place beneath the lunula. The 
remainder of the nail merely slides along 
passively. 

The tissue under the nail is called the 
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nail bed. It is actually a direct continuation 
of the deep, actively growing laver of the 


epidermis. As we just noted. ‘he tissue 
under the pink area of the nai! contributes 
nothing to it and serves merely «s a smooth 
surface on which the nail glic forward, 
However, the portion of the bed be- 
neath the lunula presents quite » different 
picture. Here, the tissue-form ells are 
more numerous and are diy contin- 
ually. As they increase in n , those 
closest to the nail root become flattened 
and are pressed tightly togeth 

Each cell is gradually tray med into 
a thin, horny plate. The tiny p are then 
piled in lamellae, or layers, w make up 
the substance of the nail. N are still 
visible in the horny cells near t ot of the 
nail, but as the cells are pushes ward, all 
signs of structure seem to dis: ir. How- 
ever, if even the fully formed nai? is soaked 
in caustic soda, it can be bi n up into 
small scales, each representiny n original 
cell containing a nucleus. 

The ridges and bumps often seen ona 
nail result from uneven growth o: ‘he nail at 
its root. Occasionally white, ir: ar flecks 
appear in the nail substance. Fiese spots 
are simply bubbles of air trappec between 
the cell layers. 

Nails grow at very different rates. 
Those on the fingers advance about three or 
four times as rapidly as those on the toes. 


The fingernails on the longest fingers (the 
middle fingers) grow quickly; those on 
the shortest or little fingers, most slowly. 
There appears to be no significant differ- 
ence, with respect to growth, between the 
nails of the right and left hands. In summer, 
the nails, like the hair, advance faster than 
in winter. The thumbnail, for instance, 
grows an average of 0.3 centimeter per 
month in the winter and 0.4 centimeter 1n 
the summer. 

The function of human nails is not 
clear. Fingernails can be used for scratch- 
ing. They also provide a mechanical sup- 
port for the tips of the fingers, and they help 
us to manipulate certain thin objects, such 
as needles. But human toenails, as far as We 
can see, serve no useful purpose, thoug! 
they may have been useful at one time. 


THE BONES OF 
THE BODY 


by H. A. Cates 


Bone is one of the most complex and 
most versatile of all tissues. It serves as a 
skeleton, or framework, giving form to the 
body, protecting the vital organs, and bear- 
ing weight and strain. It is also a chemical 
laboratory, where red blood cells are manu- 
factured, and a storehouse for the vital 
mineral calcium, which is supplied to the 
blood as it is required. A bone resists pres- 
sure and accepts strain: it is hard, yet flexi- 
ble. It owes these properties to its composi- 
tion. It is two-thirds mineral matter — large- 
ly calcium phosphate—and one-third ani- 
mal matter—chiefly a gelatinlike, elastic 
substance known as collagen. The hardness 
of bone is due to its mineral matter; its flex- 
ibility is due to its proteins. 

Bones are living structures like the 
other tissues of our body. They generally 
maintain themselves very efficiently. When 
they are broken, or fractured, they mend 
themselves. They are generously supplied 
with blood for their nourishment. They are 
also sensitive —as anyone who has suffered 
a fracture or a bruise can tell. 


PARTS OF BONE 


During a person’s early years, while a 
bone is still growing, it is not a single unit 
but is in three pieces. Each end, or cap, is 
Separated from its long shaft by a plate of 
cartilage known as the growth plate. As 
long as this plate persists, the bone contin- 
ues to grow and to get longer. As it de- 
velops, it often changes its shape and ap- 
pearance, The thighbone of a child, for 
example, is quite different from that of an 
adult. During the growing stage, a cap is 
Sometimes knocked off its shaft as a result 
of a fall or a hard blow. Unless the cap is 
accurately restored, a serious deformity 
May result. 

The outer surface of all bone is made 
Up of a dense, ivorylike substance known as 


The major bones of the human skeleton as seen 
from the front. 


Mandible (lower jaw) 
Clavicle 


‘Carpal bones 
(wrist bones) 
Metacarpal 
bones 


176 


compact bone. It is interlaced with numer- 
ous small canals that provide passageways 
for the nerves and blood vessels that nour- 
ish it. These passageways are called Haver- 
sian canals. 

Long bones consist entirely of a hollow 
shaft of compact bone. The central cavity is 
filled with fatty tissue called bone marrow. 
In some cases there is an outer covering of 
compact bone, and inside this outer cover- 
ing a porous, trellislike structure called 
cancellous, or spongy, bone. The spaces 
left within cancellous bone are filled with 
bone marrow. 

In the ends of long bones and scattered 
throughout the interior of flat bones and 
ribs, we see streaks of reddish material. 
These are manufacturing centers for red 
blood cells, which transport oxygen to the 
tissues. If the bone marrow that contains 
these manufacturing centers is damaged, 
the production of the cells is inadequate 
and the sufferer becomes anemic. Certain 
materials, such as lead and benzol, are inju- 
rious to bone marrow. Workers who use 
these materials to any great extent are par- 
ticularly likely to develop anemia. This 
condition may also result when an abnor- 
mal growth, or tumor, in the bone marrow 
destroys some or all of the tissues that form 
red blood cells. 


MANY —EACH WITH ITS OWN ROLE 


The human skeleton is made up of 206 
bones. These bones are of different size and 
shape. Each has its particular function. 

Bones are not firmly welded to one 
another. Rather they are connected at their 
ends by more-or-less flexible joints. Mus- 
cles and ligaments, or tough bands of con- 
nective tissue, run from bone to bone, 
serving to connect the bones and allow for 
movement of the joints. 

The human bones are divided into two. 
groups: the axial skeleton and the appendic- 
ular skeleton. Axial bones receive and 
transmit weight and protect body cavities. 
They include the skull, the backbone, and 
the bones of the chest. The appendicular 
bones hang from the main, or axial, skele- 

ton. The bones of the arms and legs are 
appendicular bones. 
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THE AXIAL SKE TON 


The axial skeleton 
the vertebral column, the 
num. 


THE SKULL 


The skull is the fran 
It includes the craniw 
covering of the brain, an 


udes the skull, 
and the ster- 


k of the head, 
è protective 
bones of the 


face. There are 22 bon ı the human 
skull, 21 of which are s« y united that 
movement between th impossible. 
One bone, the mandible ver jaw bone, 
is hinged to the rest of th: {| just in front 


of the ear opening and i pendent and 


movable. 


Cranium. In lower nals such as 
fishes the cranium, or b ase, is small 
and relatively insignificay lies behind 
the face, which, projecting vard, is very 
prominent. In humans, hi er, the crani- 
um is greatly expanded so that if we look 
at a human skull from above. no part of the 
face is visible. The forwar:! expansion of 
the human cranium has resulted in very 


deep sockets for the eyes 

The human cranium is composed of 
eight bones. The frontal bone is roughly 
over the forehead. Two parietal bones arè 
at the top and upper sides of {he head. Two 
temporal and two sphenoid bones are on 
the lower sides of the head, and the occipr 
tal bone makes up the back of the skull. 

The various skull bones fit into one 
another like the pieces of jigsaw puzzle. At 
birth these edges are not yet interlocked but 
are held together by connective tissue 
strips called sutures. In certain spots, the 
sutures are wide and there are soft spots, 
called fontanels, As a child matures, the 
sutures fuse, and the bones become com- 
pletely hard and immovable. ae 

The floor of the cranium is high iM 
front, coming above the eyes, but it slopes 
rapidly downward. At its lowest point, 
some distance forward from the back 0 
the head, there is a great hole called, app! 
priately enough, the foramen magnum 
(Latin for “big hole”). Through it passes 
the spinal cord, as well as various arteries 
and nerves. 


Facial ones and sensory organ sup- 
ports. In ‘= middle section of the floor 
there is a © aplex system of minute cav- 
erns and {els in which the delicate or- 
gans of he»: sg and balance are sheltered. 
In the mi» section of the floor we also 
find nume: small openings for the pas- 
sage of ries and blood vessels. Their 
presence w- ens the floor and makes frac- 
tures exce: igly serious. In this area the 
floor roofs "1> pharynx—the air and food 
passage at 0 back of the nose and mouth. 
Below the ».y thin forepart of the floor lie 
not only (>+ eye cavities but also the nar- 
row slitlik: ¿pper part of the nasal cavities 
between the 1 

The pared nasal cavities are separated 
from the @əuth by the palate. This is di- 
vided into +o sections: the hard palate, in 
front, whic: is bony and rigid (we can feel it 
with the ti» of our tongue just behind the 
upper teet! and the soft palate, thin, soft, 
and mova’, lying directly behind it. The 
movable piate projects backward into the 


pharynx a». by pressing against it shuts off 


the passave to the nose when we swallow. 

Each «sal cavity is separated from its 
fellow by » partition called the septum. The 
septum is :nainly bony in structure, but in 
front it is mode up partly of cartilage. That 


is why we can twist the tip of the nose. The 
side wall of each nasal cavity has scroll-like 
bones projecting from it. These are known 
as the shelly (conchae) or whirlers (turbi- 
nates). Incoming air must make its way 
through the long curved passages of these 
bones. In the course of this journey the 
air is warmed and filtered. Mouth breathers, 
of course, lose these advantages. In front, 
the nasal cavities lead to the face by way 
of the nostrils. Behind, their much larger 
Openings (internal nares or nostrils) lead 
into the pharynx. From here, the incoming 
air enters the larynx, or voice box. y 

The bones of the face are thin and deli- 
cate. Those surrounding the nasal cavities 
contain sinuses, or cavities. They are hol- 
lowed out till they are but thin shells of 
bone. Because they all open into the nose 
and are lined with a continuation of its 
mucous membrane, they are easily infected 
from the nose. 


Three views of the human skull. Top: as seen from 
above. Middle: cross-section as seen from the side 
Bottom: as seen from the bottom, with the mandi- 


ble removed. 

The largest of the sinuses extends 
along the nose, above the upper teeth, and 
below the eyes. Another sinus lies deep in 
the bone above each eye. There are a num- 
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ber of little sinuses in the bone between the 
eyes and a very inaccessible one at the back 
of the nose behind the eyes. Infections can 
spread rather easily from the sinuses to the 
eyes, where they may do serious damage. 
The hollowness of the sinuses increases the 
resonance of the voice and lightens the 
face. 

The lower jaw, or mandible, is horse- 
shoe-shaped and forms the bony boundary 
of the mouth. The lower teeth are set along 
the upper edge of the horseshoe. A sheet of 
muscle fills in the horseshoe and forms the 
floor of the mouth. From the open ends of 
the horseshoe there springs a pair of verti- 
cal plates of bone. They are called rami and 
they extend the mandible up to the joint. 

The lower jaw is hinged to the skull 
just in front of the ear opening. You can feel 
it moving in its socket if you place a finger 
about two centimeters in front of the ear 
and open and close the jaw. 

The hyoid bone is one of the facial 
bones. This slender U-shaped bone is found 
in the angle where the floor of the mouth 
meets the neck. “Hyoid” means “upsilon- 
shaped” in Greek; the hyoid bone is so 
called because the corresponding bone in 
animals with a forward-pointing snout 
looks something like the Greek letter I’, or 
upsilon. Ligaments suspend the hyoid bone 
from the skull, and from the bone there 
hangs the Adam’s apple, or thyroid 
(“shieldlike”) cartilage. This is the chief 
cartilage of the larynx. In swallowing, the 
larynx is pulled up to the hyoid bone. 


VERTEBRAL COLUMN 


The skeleton of a human body is built 
around a backbone, just as the skeleton of a 
ship is built around a keel. So important is 
the backbone, or vertebral column, that it 
serves to divide the animal kingdom into 
two important groups—the vertebrates, 
who possess it, and the invertebrates, who 
do not. Fishes, frogs, reptiles, birds, and 
mammals are vertebrates. They all have 
backbones constructed on the same basic 
plan. 

The keel of a ship must be straight and 
rigid. It would be most unsatisfactory, 
however, if man’s “keel” were a ramrod of 
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The skull of a dog and of a human ‘ving. Note the 
far larger brain case in man. The 002 = long jaws 
are, in the living animal, worked by ng muscles 
attached to the sides of the skull. The reduction of 


these jaw muscles in man may have allowed his 
braincase to expand. 


bone running down his back. The vertebral 
column must have a certain amount of rig- 
idity, indeed, but it must also be flexible so 
that our backs can twist, turn, and bend. As 
a matter of fact, vertebral comes from the 
Latin word vertere: to turn. Instead of 
being a single rod of bone, then, the back- 
bone is made up of a number of small cylin- 
drical blocks. Each of these is fastened to 
its neighbor by a disk of resilient cartilage, 
which absorbs shocks and strains. The 
blocks are called vertebral bodies, or verte- 
brae. The disks of cartilage are called in- 
tervertebral disks. The backbone can sway 
and bend. At the same time it is Tig! 
enough to support the head and to serve as 
a place of attachment for the ribs and the 
hip bones. 

Behind our sturdy column of bony 
blocks lies the delicate spinal cord. It runs 
through a series of arches of bone—the 
neural arches—each forming part of one 0 


Within its bony housing, the 
5 protected by three layers of 


membranes. At the sides, between adjacent 
arches, t+ large openings called foramina 
through h the spinal nerves make their 
way to the organs of the body. 

The backbone is made up of 33 
(sometis 4) vertebrae. They are usually 
divided ir) fve main groups. First we have 
the sev ervical vertebrae in the neck. 
Cervix sons neck in Latin. The twelve 
vertebr the chest are called thoracic, 
from 1/) the Greek word for chest. 
Below the chest there are five lumbar verte- 
brae, mal up the small of the back. After 
that, th re five sacral vertebrae that are 
fused it single bone, the sacrum. The 
vertebr »lumn ends with the coccyx, a 
single bc made up of four (sometimes 
five) vertebrae. 

Cervical vertebrae. According to Greek 
legend, ias was a mythical giant who 
supporte:! ihe earth on his shoulders. Be- 
cause ‘he first cervical vertebra supports 
the head ia like fashion, it is called the atlas. 
This is a ring of bone broadened at 
the sides into two concave surfaces on 
which the head is poised and on which it 
can rock k and forth in nodding. 


econd cervical vertebra is called 
cause it has a short, axislike peg 
> projecting upward into the ring of 
the atlas. Around this peg the head and at- 
las pivot when the head is shaken. 


The s 
the axis | 


The atlas, the first of the cervical vertebrae, or 
Neckbones. It is basically a ring of bone, broadened 
at the sides into two surfaces. The skull articulates, 
or joins, with the atlas, on which it is made to move 
back and forth. 


The cervical vertebrae all have thick 
intervertebral disks, allowing the neck to 
move freely on its bony axis. 

Thoracic vertebrae. In the thoracic, or 
chest, region, the disks of cartilage are quite 
thin, and therefore there cannot be any 
considerable movement between adjacent 
vertebrae. This is very fortunate, since 
each thoracic vertebra carries a pair of ribs, 
and undue movement would buckle and 
break them. The thoracic vertebrae are 
larger than the cervical vertebrae. The 
place where the last thoracic vertebra 
meets the first lumbar vertebra is a critical 
area, for a broken back most commonly 
occurs there. 

Lower vertebrae. The cartilage disks be- 
tween the vertebrae of the lumbar region 
are very thick. Hence the spinal column is 
most flexible in this region, as anyone who 
has seen a contortionist can testify. A dis- 
placed, or slipped, disk has a crippling 
effect. 

Below the lumbar vertebrae is the large 
os sacrum (“holy bone” in Latin), more 
commonly known as the sacrum. It repre- 
sents five vertebrae that have been fused. 
Why should this particular bone be called 
“holy”? According to one explanation, the 
Greeks also called the bone the “holy 
bone” (osteon hieratikon). But the word 
hieratikon means not only “holy” but also 
“unusually large.” In this case, therefore, 
osteon hieratikon really meant “large 


The axis, or second vertebra of the neck, articu- 
lates with the atlas above. The latter surrounds the 
upward-projecting peg of the axis. The entire skull, 
pivoted on this combination, is thus enabled to turn 


sideways. 
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bone.” The Romans translated the Greek 
name into the literal Latin equivalent — that 
is, os sacrum. 

The sacrum is a triangularly shaped 
bone, which tapers sharply downward. It 
gives solidity to the lower end of the spine. 
Along its upper sides, the sacrum is at- 
tached to the hip bones. Through the place 
of attachment—the sacroiliac joints—the 
weight of the body is transmitted to the 
legs. These joints are relieved of strain only 
when we are lying down; consequently it is 
no wonder that they frequently cause trou- 
ble. 

The lower end of the sacrum carries a 
series of small bones called the coccyx, rep- 
resenting the vestiges of a tail. The coccyx 
serves no useful function. It may be broken 
if one sits down viotlently on hard ground; 
such an accident may be extremely painful 
and may call for the removal of the coccyx. 


STERNUM 


The breastbone, or sternum, looks like 
a dagger pointing downward. To the “han- 
dle” of the dagger is hinged the narrower 
“blade,” consisting of four fused segments. 
The tip, or point, of the dagger consists of 
cartilage in youth, but becomes bony in 
middle life. 

The cartilages of the first seven ribs are 
attached to the sides of the sternum. The 
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two clavicles, or collarbones, are joined to 


its upper part. The wide “h: cle” of the 
sternum protects the great | od vessels 
diverging from the heart. Th: blade” and 
the adjacent rib cartilages x the heart 
itself. 
RIBS 

The ribs consist‘of twel sired bows 
of bone. One pair is attached '¢ -ach of the 
twelve thoracic vertebrae ey swing 
toward the front of the body ‘heir ends 
are attached elastic bars of c ige known 
as rib cartilages. 

The first seven pairs of cartilages 
reach the breastbone, at th ənt of the 
chest, and the ribs to whic ey are at- 
tached are known as the trve ) The next 
five pairs of ribs are called iœ /ulse ribs. 
The cartilages of the first three » irs of false 
ribs are attached in each c: ) the ribs 
immediately above. In the co. of the last 
two pair—also known as flow ribs —the 
cartilages have been redu to short, 
pointed tips that are not atto: od to any- 
thing. The floating ribs extend © ty halfway 
around the body. 

When we take a breath, the ribs are lift- 
ed upward and swing out, ang the lower 


part of the breastbone swings ‘orward too. 
All this increases the girth of the chest. At 
the same time the diaphragm, the domed 


A horizontal section through the 
chest region. In the true ribs, aS 
seen at left, cartilage connects the 
rib to the sternum, or breastbone, 
in the front of the body. In the back 
the rib is attached to a thoracic ver 
tebra. 


muscular partition separating the thorax 


above fro 2e abdomen below, contracts. 
This lessen curvature and:lengthens the 
up-and-dk imension of the chest. The 
increase ii ost size allows air to be drawn 
into the hı through the trachea, or wind- 
pipe. 

Expi n (breathing out) takes place 
automati and mechanically —unless of 
course \ »nsciously try to hold our 
breath. ! vally the muscles that move 
the ribs ind the elastic recoil of the 
rib carti! brings the ribs back to their 
former p yn. At the same time the dia- 


elaxes and again arches up- 
is diminishes the chest size. 
ontract, air is forced out 


through vindpipe, and we have com- 
pleted ar r of our breathing cycles. 

No do the ribs play an important 
part in l hing but they also shield the 
heart ar ngs. Some of the abdominal 
organs, uding the stomach, liver, and 
kidneys. are protected by the lower ribs. 

THE APPENDICULAR SKELETON 
The appendicular skeleton is made up 


of the shoulder girdle and the pelvic girdle. 
The shoulder girdle includes the collar 
bone, the shoulder blade, and the upper 
limb, or arm, bones. The pelvic girdle in- 
cludes the bones of the pelvis and the lower 
limb, or leg, bones. 


CLAVICLE 


The clavicle, or collarbone, is a slightly 
curved horizontal structure. It gets its name 
from its resemblance to a type of key com- 
mon in ancient Rome. (Clavis is the Latin 
word for key.) At its inner end the clavicle 
is united to the breastbone. At its outer end, 
about two centimeters from the point of the 
shoulder, it is attached to the shoulder 
blade. The clavicle is really a horizontal 
Strut, forcing the shoulder joint to keep its 
distance from the breastbone no matter 
how varied its movements. The swing of 
the clavicles can be felt when the shoulders 
are shrugged, depressed, brought forward, 
or thrown backward. When the collarbone 
breaks, the shoulder collapses inward, and 
these movements are no longer possible. 


The major bones of the body as viewed from the 
side. In this view, you can see the normal curva- 


tures of the body. 
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Ball portion of 
bal-and-socket 
shoulder joint 


Humerus 


Radius 


Ulna 


Carpal bones 
(wrist bones) 


SCAPULA 

The scapula, or shc r blade, is a 
thin, triangular bone su ed from the 
outer end of the clavicle is buried in 
powerful, heavy muscles loves overa 
considerable distance a slides over 
the upper and back part « ‘hest. At the 
armpit the outside bord the scapula 
forms the socket portion « flexible ball- 
and-socket joint betwe ie shoulder 
blade and upper arm. Be of this joint, 
the upper arm can move | directions. 
Ordinarily bones can n n only two 
directions at the joints- is, forward 
and backward. 

Running across the f the shoul- 
der blade is a projecting | of bone: the 
spine of the scapula. As sses toward 
the shoulder joint, it be ; more and 
more prominent until it fir xpands into 
a large bony hood called romion pro- 
cess, that protects the vil: |-and-socket 
joint of the shoulder. Th od ends ina 
projection. The clavicle is ched to this. 

Another strong piece one projects 
forward from the upper bo of the shoul- 
der blade just beside the show Jer joint. Itis 
about the size and shape o! © bent finger or 
crow’s beak, pointing d ward. It Is 
called the coracoid process | from its tip 
muscles stream down the front of the arm. 
The clavicle is firmly bound to the coracoid 
process by a strong ligament 
ARM BONES 


Humerus. In the upper arm there is but 
one bone, the humerus. Its knoblike uppe" 
end forms the ball portion of the ball-and- 
socket shoulder joint. The four muscles 
that immediately surround the shoulder 
joint are attached to the outer part of the 
knob. Since the scapula and the humerus 
fit rather poorly, it is these muscles thal 
hold the bones in close contact. y 

The upper part of the humerus shaft i$ 
at first cylindrical. As it approaches the 
elbow it flattens out and expands sideways. 
There are two joint surfaces, side by side, 


The bones of the human arm, including the hand. 


Compare this arrangement with that of the leg- 


at the expanded end of the humerus. The 
inner one resembles a spool, pulley, or 
hourglass ‘sid on its side. It is known as the 


trochlea, \.e Greek word for pulley. The 
inner bone of the forearm, the ulna, hooks 
on to the ' ochlea from behind. 


Rawls and ulna. Because the ulna is 


primarily concerned with bending and 
straighten ug the elbow, it is thick and mass- 
ive at ihe elbow and tapers to a disklike 
head al ‘© wrist. The radius carries the 
hand at the wrist and so is thick and heavy 
there. I! »orrows at the elbow to the same 
kind of «. <like head that the ulna displays 
at the wrist. 

The upper end of the ulna looks like a 
monkey wrench whose jaws grasp the 
lower enc of the humerus. The part of the 


ulna the! bends around the trochlea of the 
humeru 
projecti: 


s called the funny bone. It is the 
we feel when we run a finger 
© elbow. The nerve running to the 
. close by it and when we strike 
sone, this nerve tingles. 
ən the palm is directed forward and 
is pointing away from the body, 
the radius and ulna lie side by side. As we 
turn the palm so that the thumb is directed 
toward the body, the radius turns. Its shaft 
and lower end roll across the ulna. Thus, 
with the thumbs pointing toward the body, 
the forearm bones are crossed. 


HAND BONES 


__ Carpals. The wrists consist of eight 
little bones, called carpals, that together 
make up the carpus (Greek for wrist). 
These bones are arranged in two rows of 
four bones each, the lower row supporting 
the bases of the bones that lie in the palm. 
The varied movements of the carpal bones 
contribute a good deal to the flexibility of 
the wrist. 

Metacarpals. The bones in the palm of 
the hand, called metacarpals, are arrayed 
beside one another like the sticks of a fan. 
Their square bases are in contact with one 
another and can move but little. Their 
rounded heads form the knuckles, and they 
are not in contact. Between them run little 
tendons which reach the free fingers. Be- 
Cause the metacarpals diverge from one 


The bones of the human hand, as viewed from the 
front. 


another as they come off the wrist, the fin- 
gers tend to spread when they are straight- 
ened and to come together when one 
clenches the fist. The metacarpal of the 
thumb moves freely and is opposable to the 
rest of the fingers. This feature causes the 
hand of man to be a remarkably useful 
organ. 
Phalanges. The phalanges are the fin- 
ger bones. The thumb has two bones in 
line; each of the other fingers has three. 
These bones are flat in front and rounded 
behind. The bases of the first phalanges rest 
on the rounded knuckles. Here the fin- 
gers can be bent and straightened and also 
spread apart and brought together. The 
other joints serve as hinges, permitting only 
bending and straightening. The terminal 
phalanges — those farthest from the knuck- 
les—have triangular tips that support the 
fingernails. 
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HIP BONES 


The hip, or flank, bone \« so irregular in 
shape that it deserves its sc\~»\ific name of 
innominate bone (from the |.) os innomi- 
natum: “bone without a nan- `}, It consists 
of two symmetrical parts ai)... ^ed above to 
‘the sacrum and uniting below «i the crotch, 
Three sets of bones make u e hip bone: 
the ilia, the ischia, and the | ues (plural, 
respectively, of ilium, isch = and pubis). 

Ilium. The two ilia a: he topmost 
bones. Each ilium is a larg: urved struc- 
ture. It is attached to the rum at the 
sacroiliac joint, which w ive already 
described. The ilium is th one that we 
feel when we place the h: on the hip. 
The large surface of the two ia gives pro- 
tection to the lower abdom) organs. 

Each ilium narrows as ” Jescends. At 
its lower end it is hollowed into a cup- 
like structure about five © =timeters in 
diameter. This is the circula: » cket known 
as the acetabulum (‘“‘vinega: >” in Latin), 


because of its fancied rev<:blance to a 
small Roman cup that he!’ vinegar or a 
sauce. The acetabulum receives the round- 
ed head of the thigh bone. >r femur, and 
with it forms the hip joint, the most secure 
ball-and-socket joint in the body. There are, 
of course, two acetabula, one on each side 
of the body. The ilia are very strong. They 
transmit the weight of the body to the legs. 

Ischium and pubis. A stout column of 
bone, called the ischium, runs almost ver- 
tically downward from the acetabulum. It 
is the bone we rest on when we sit UP 
straight. The ischium merges with a bony 
ring known as the pubis. The three sets 
of bones of the hip region—the ilia, ischia, 
and pubes—together with the sacrum form 
a bony basin, with the bottom knocked out, 
known as the pelvis (latin for basin). Its 
deep cavity houses the reproductive organs 
as well as the lower parts of the digestive 
and urinary systems. At birth all infants 
must pass from the uterus down throug 
the bony circle of the pelvis, which is wider 
in women than in men. 


The bones of the human leg, including the foot. The 
structures correspond to those of the arm. 


The bones of the human foot. Note the special 
structure of the heel bone or calcaneus. 


LEG BONES 


Patella, The kneecap, or patella (“little 
pan”), is a small triangular bone lying in 
front of the lower end of the femur. It is 
imbedded in the thick tendon that passes 
over the knee joint from the femur to the 
lower leg. The kneecap slides down the 
femur when the leg is bent to protect the 
widely gaping knee joint. 

Femur. The thighbone, or femur, is the 
longest bone of the body. Its neck, repre- 
Senting the upper eight centimeters of its 
cylindrical shaft, is bent inward and is sur- 
mounted with a bony ball, or head, which 
fits snugly in the acetabulum. As the femur 
approaches the knee it expands sideways 
into a pair of prominences known as con- 
dyles. The condyles rest and move on the 
flat top of the tibia, the stout inner bone of 
the leg, 

_ Tibia and fibula. There are two bones 
in the leg, just as there are two in the fore- 
arm. The inner one, called the tibia, is 
very stout and strong. It alone receives and 
transmits weight. The outer one, the fibula, 
is thin and delicate. At the ankle joint the 
fibula rests in a hollow on the side of the 


tibia and is bound very firmly to it. Beyond 
this place the fibula projects downward as a 
flange—the bump we feel on the outside 
of our ankles—where it forms an important 
side support for the ankle joint. The fibula 
takes no part in the knee joint, which is 
formed by the articulation, or meeting, of 
the femur and the tibia. 

The tibia is flat on top and supports the 
condyles of the femur. It is firmly held to 
the condyles by strong ligaments. As the 
tibia descends, its shaft tapers. Below, it 
expands a little again to take part in the an- 
kle joint. It ends in a flange of bone, forming 
the inner ankle. The flanges of the fibula 
and tibia hold the talus—the topmost bone 
of the foot —as in a vise. At the ankle joint 
the foot can be bent up or down but there is 
normally no side play. A severe twist of the 
ankle may break either flange, but usually 
that of the fibula. 


FOOT BONES 


The talus, the uppermost bone of the 
foot, rests below on the heel bone, or calca- 
neus, which takes most of the strain when 
we stand or walk. The talus does not rest 
squarely on the calcaneus. The front part 
forms a rounded head that projects beyond 
the calcaneus toward the inner side of the 
foot. The talus, calcaneus, and the five small 
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bones in front of them are called the tarsals. 
In front of these again are the metatarsals 
and phalanges, comparable to the metacar- 
pals and phalanges of the hand. 

The head of the talus is the keystone in 
a high arch that gives spring to our walk. 
Should the head lose the support of liga- 
ments and muscles, it sinks down and the 
foot becomes painfully flat. This is the well- 
known condition that is known as fallen 
arches, or flat feet. 

The heel and the little toe of the ad- 
vanced foot receive the weight of the body. 
The great toe gives the thrust to propel the 
body forward. If the arch begins to fall, the 
effort required to give this forward thrust is 
a painful one. In order to avoid it, the suf- 
ferer shuffles along with his feet turned out. 


INJURIES AND DISEASES OF THE BONES 


Bruises are the commonest of all bone 
injuries. Who has not bumped his arm or 
barked his shin? A bruise causes the tearing 
of blood vessels. As a result blood escapes 
into the surrounding tissues and there is a 
swelling. When the blood is absorbed again, 
the swelling goes down. Unless a bruise has 
been unusually severe, it has no marked 
permanent effects. 

Far more serious are fractures, or 
breaks in the bone. The bones of the young 
are very soft. Hence they often splinter 
only on the convex side instead of breaking 
completely. This condition is known as a 
greenstick fracture, because a green twig 
splinters in much the same way. As one 
grows older, the bones break more easily. 
The bones of the aged are particularly 
brittle; so are those of persons suffering 
from the rather rare ailment called fragilitas 
ossium (“fragility of the bones”). 

There are two general classes of frac- 
tures—simple and compound. In a simple 
fracture the skin is not broken. In a com- 
pound fracture the skin is broken and the 
injured bone is exposed to the outer air. 
Compound fractures are always dangerous, 
because germs may enter the wound. 

A fracture is a dramatic thing. In the 
twinkling of an eye it can transform a per- 
fectly healthy individual into a cripple. 

The diseases that attack the bones per- 
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form their work more slow! ot they are 
often more deadly than frac `$. One of 
the best-known children’s d es is rick- 
ets, which brings about di nity of the 
bones. Rickets is due to lty diet in 
which calcium, phophorus, vitamin D 
are not adequately represe AS a re- 
sult of this deficiency, th: es do not 
solidify properly. The becomes 
knock-kneed or bowlegge« spine be- 
comes curved, and there ar deformi- 
ties. The treatment consist: pplying an 
adequate diet and exposin; patient to 
sunshine or ultraviolet rays 

In some diseases the es become 
inflamed. We find this con in osteo- 
myelitis (“bone-marrow infi ition”), It 
results when certain bacteri ne staphy- 
lococcus group infect the i part of the 
bone. Pus forms in the sti area and 
there is pain and fever. T essure of 
the pus may destroy the b vessels in 
the marrow. This may cat e death of 
the bone. If the pus is not d in time, 


general blood poisoning ma\ alt. 


Tuberculosis of the bone `s a chronic, 
or persistent, kind of inflammation, pro- 
duced by the same bacillus that brings on 
tuberculosis of the lungs. The bacillus at- 
tacks the ends of the long bon.» or the ver- 
tebrae. It causes ulcers to form and makes 
the bone rot away. Its effects «re slow but 


become increasingly severe in tme. 

Both osteomyelitis and tuberculosis of 
the bone are curable if treat is started 
at an early stage. Drainage of the affected 
areas and rest are important in any cure. 

Sometimes the bones are attacked by 
tumors, which really consist of new bone 
growths. Malignant tumors are particularly 
serious. They gradually destroy the bone 
itself and they may also appear in other 
parts of the body. A possible cure is remov- 
al of the bone. This measure is not always 
effective. Radioisotope therapy is some 
times helpful. In some cases, cancer Origi- 
nating in the breast, kidney, or other Te- 
gions of the body may be spread to the 
bones by way of the blood or lymph. Grad- 
ually healthy bone is replaced by cancer 
tissue, and in time any ordinary exertion 
may bring about a fracture. 


People of 
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Jo not think of the heart as a muscle, but it is—the most important 
body. Above is a microscopic section of heart muscle, showing 
x sections and, in the light oval, a duct. 
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_ When a small boy offers to show you 
his muscle, the chances are that he will 
proudly display his biceps—the upper arm 
muscle that you can feel hardening, swell- 
ing, and shortening when you bend your 
elbow, But the biceps, after all, is only one 
of more than 600 different muscles in the 
human body. 


WHAT MUSCLES ARE 


The muscles are essential to life be- 
Cause, by alternately contracting and relax- 
ing, they account for all body motion. Some 
muscles move the limbs; others open and 
close the eyelids; and still others help us 
digest our food. The heart is a mass of mus- 
Ee which keeps working tirelessly day after 

ay. 

Muscles vary greatly in size and shape. 
They range from the great latissimus dorsi, 
which is the broadest muscle of the back, to 
a threadlike ear muscle that is only about 
five millimeters long. 

Muscle corresponds to the red animal 
meat that we see in the butcher shop. To 


get a rough idea of the structure of muscle, 
let us examine, say, a leg of lamb. This cut 
of meat usually contains several muscles 
separated from each other by a tough whit- 
ish sheath called connective tissue. This is 
sometimes loose and thin, sometimes dense 
and thick. Some connective tissue forms 
tendons, or sinews— cords or straps that 
attach the ends of muscles to the bones. 
Parts of tendons are often seen in meat. No 
matter how long the meat is boiled, these 
tendons defy vigorous chewing—that is, 
they do not soften. 


TYPES OF MUSCLE 


Human muscle shows connective tis- 
sue like that which we have just described. 
A microscope will reveal many other inter- 
esting details. We discover, for one thing, 
that the masses of muscle separated by 
connective tissue are really bundles of very 
firm threads, or fibers. In length, muscle 
fibers range from about one millimeter to 
more than 30 centimeters. Some of them 
run from one end of a muscle to the other. 
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Some are joined by connective tissue so as 
to form long chains. 

There are three kinds of muscular tis- 
sue in the human body: skeletal, smooth, 
and cardiac. 

Skeletal muscle. Skeletal muscles are 
by far the most numerous of the three basic 
types. As their name implies, they are gen- 
erally attached to the skeleton. Skeletal 
muscles are also known as striated, or 
striped, muscles because they are made up 
of light and dark cross-striped bands. Still 
another name is voluntary muscle: skeletal 
muscles can be controlled by the mind. For 
example, you can move your arm by means 
of skeletal muscles whenever you wish, 
but did you ever try to control the smooth 
muscle of your stomach as it churns away 
in the process of digestion? 

Each skeletal muscle cell has a large 
number of nuclei—sometimes as many as 
several hundred. These nuclei lie in the 
outer part of the cell. In this respect skeletal 
muscle cells differ from most other muscle 
cells, in which a single nucleus is located 
more or less in the center of the cell. 

Smooth muscle. Smooth muscles do not 
show any cross stripes. Since we do not 
have any control over their movements, 
they are also called involuntary muscles. 
They are found, among other places, in the 
walls of the stomach and the intestines, in 
the bladder, in the blood vessels, around 
the pupils of the eyes, and attached to the 
roots of the hair. These smooth muscles 
contract more slowly than skeletal muscles. 

Cardiac muscle. Cardiac muscle, or 
heart muscle, resembles smooth muscle in 
that its activity is not controlled by the 
mind. It also has a certain similarity to skel- 
etal muscle, since its fibers have a cross- 
striped pattern. 


SKELETAL MUSCLE CONTRACTION 


What happens inside a skeletal muscle 
fiber when it contracts? The ordinary mi- 
croscope does not help much in this case, 
and so we call on the biochemist to supply 
us with information. Biochemical analysis 
shows that the striped part of the muscle is 
made up of two types of proteins—actin 
and myosin. Researchers have learned 
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Microscopic section of smooth muscle. Smooth 
muscle lines most internal organs. It makes UP 
about 3 per cent of the body weight. 


much about the arrangement of protein 
molecules. In the light of this knowledge, 
we can picture the dark bands of a muscle 
fiber as made up of rodlike molecules of 
myosin. These rods lie side by side length- 
wise in the fiber. The light bands consist 0! 
bent or curved molecules of actin. 

During a muscle contraction the 
straight rods slide past one another, and the 
whole fiber is shortened. i 

The total effect of contraction is 1®- 
markable because, although muscle is $0 t, 
it develops great force. If all the fibers with- 
in one square centimeter cross section were 
to contract at the same time, they WOU 
raise nearly 10 kilograms. The muscles 


bi: 


C. Nuridsony 


Microscopic section of skeletal muscle. Alternating 
light and dark bands are clearly visible and distin- 
guish it from smooth muscle. 


used in chewing could lift a man of average 
weight. 


ENERGY FOR MUSCLE ACTION 


Muscular activity requires abundant 
energy. To produce this energy the body 
consumes various energy-giving foods. 
Among the most important of these are 
Sugars and starches. During digestion and 
assimilation, sugar and starch are changed 
into glycogen. Most glycogen is stored in 
the liver and is given out as needed. Some is 
found in the muscles and other tissues. 

Fat is another body fuel. We probably 
draw upon it even during light muscular ac- 
tivity. We certainly use it when our stores 


of glycogen are greatly reduced during long, 
exhausting exercises or when we go on a 
diet containing very little starch or sugar. 

Fuels such as coal, wood, and gasoline 
contain carbon. So do many of the foods 
that we eat. When fuels are burned, the 
carbon they contain combines with the 
oxygen of the air to form carbon dioxide. 
During this process heat is produced and is 
used in various ways. In a locomotive, for 
example, it causes water to be transformed 
into steam, and this steam pushes pistons to 
and fro in cylinders. The carbon of foods 
combines with the oxygen carried by the 
blood. In this process, too, carbon dioxide 
is formed and heat is produced. The carbon 
dioxide is carried by the blood to the lungs 
and there it is breathed out. 

Fuel consumption is much more com- 
plicated in the human body than in a loco- 
motive or automobile. The body does not 
burn glycogen directly but breaks it down 
into lactic acid. Then some of the lactic acid 
(about one-fifth) is burned — that is, it com- 
bines with oxygen. The remaining lactic 
acid is reconverted into glycogen. 

When we want to contract a muscle, 
we must have energy ready for immediate 
use. It would take too long to wait for the 
breakdown of glycogen and the burning of 
lactic acid. Another mechanism provides 
energy for muscle activity more quickly. 
This mechanism involves the breakdown of 
phosphorus compounds present in muscle 
tissue. 

One of the compounds —adenosinetri- 
phosphate, or ATP—breaks down, pro- 
viding the energy necessary for muscle 
contraction. A second compound, called 
phosphocreatine, also breaks down and in 
so doing provides the energy to build up 
ATP again so that it will be ready for the 
next contraction. 

Glycogen then decomposes into lactic 
acid, which provides the energy for the 
buildup of phosphocreatine. Any excess 
lactic acid is carried by the lymphatic sys- 
tem, to the liver, where it is reconverted 
into glycogen, the primary energy storage 
molecule. 

This may seem to be a roundabout way 
to get results, but it really is most efficient. 


THE MUSCULAR SYSTEM 


189 


190 


STRUCTURE OF A MUSCLE FIBER 
Light disk < 


Sarcoplasmic —+ 
reticulum 


Glycogen 
granules 


Mitochondrion— 


Sarcolemma 


Diagram of muscle structure. The cytoplasm 
of a muscle cell—sarcoplasma—is shown as 
are other cell parts and glycogen molecules. 


If muscles contracted only as a result of the 
energy supplied by burning, we could not 
engage in sudden spurts of activity. For 
example, a sprinter may require only ten 
seconds or less to run 100 meters. He 
would not have time, in that short period, to 
inhale all the oxygen required for combus- 
tion within the muscles, 

For a time, therefore, the oxygen sup- 
ply will lag behind the demand. The go- 
betweens that we have mentioned — glyco- 
gen, lactic acid, and the two phosphorus 
compounds— will keep the muscles func- 
tioning for a considerable period. After the 
race the sprinter can gulp in oxygen at his 
leisure, burn up the accumulated lactic 
acid, and rebuild his supply of glycogen. 


MUSCLE FATIGUE 
If too much lactic acid accumulates 
within a muscle, it becomes tired and finally 


stops contracting. If muscles are to act ef- 
fectively, lactic acid must be broken down 
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would be serious. Within < short time, the 
muscle would suffer great damage. It would 
die if the condition lasted ‘or more than a 
few hours. Oxygen woul’ sot be brought to 


would not be 
» accumulating 
carried away. 


the muscle, and lactic a 
burned. The waste prc 
in the muscles would no! ! 


AN EFFICIENT SYSTEM 


Considered as a machine — something 
that uses energy to do work — the muscles 
compare favorably with -made ma- 
chines. They are more efficient in one im- 
portant respect, for while machines waste 4 
good deal of heat, the heat produced by 
muscle contraction is not wasted. It serves 
to warm the blood, which in turn warms 
other tissues. This is a most necessary 
function, because unless body temperature 
is maintained, all cell activities slow down, 
and finally death results. When we shiver in 
cold weather, we are really calling upon er 
muscles to produce extra heat in order 
maintain body temperature. 


CONTROL OF MUSCLE ACTIVITY 


How do we start our muscles working? 
A number of body structures are He 
volved—not only the muscles but also te 
brain, the spinal cord, and the nerves. + 
nerves connect the brain or spinal cord bE 
the skin, muscles, and other tissues. T! a 
contain fine long threads, called ner ad 
fibers, which serve the same pureo ip 
telephone lines. If, for example, you wis i 
bend your elbow, you send messages fro 


your bre’; down the spinal cord and out 
along th. verve to the biceps muscle in the 
upper ar». Beyond the first place of contact 
between © verve and its muscle, each nerve 
fiber dis ; into many branches and each 
branch to a muscle fiber. A message 
along 0 srve fiber may cause as many as 
100 mu fibers or even more to contract. 

When messages are sent by way of 
nerve fib +s to a muscle, only a part of the 
muscle | >crs are called on to contract. 
They always contract completely. There- 
fore, when more force is required for a giv- 
en task ssages must be sent along more 
nerve fibers. Moreover, if a muscle fiber 
receives only one message, it contracts for 
only a tion of a second, Therefore, in 
the case o" an ordinary muscle movement, 
we send jessages rapidly one after another 
in ord > catch the muscle fibers before 
they rei 

If necessary, another muscle may be 
called on io help perform a given task. This 
is because at almost every joint there are 
several muscles that help bring about the 
same movement. Muscles that work togeth- 


er to produce the same movement are syn- 
ergistic. In certain other cases, muscles 
that normally oppose a given motion may 
be called on either to relax or to offer 
greater resistance. These muscles are 
antagonistic. 


MUSCLE MOTION 


Muscles can perform a variety of 
Movements, although not all muscles are 
capable of all movements. At the elbow, for 
instance, there are bending muscles, such 
as the biceps, and straightening muscles, 
such as the triceps at the back of the arm. 
Flexor muscles bring adjacent body parts 
closer together; extensors move them 
apart. Abductors move a part, such as a 
limb, away from the rest of the body; ad- 
ductors move it back. 

_ There are also muscles for side-to- 
side movements, such as those of the wrist. 
Pronator muscles can turn a part, such as 
the hand, face up; suppinators turn it face 
down. There are also muscles for rotation, 
as at the shoulder and the hip joints. 

In all these cases the bones act as lev- 


i 


DIAGRAM SHOWING A MOTOR NEURON 


Motor neuron 
—— from the 
anterior horn 
of the spinal cord 


Axon of the 
motor neuron 


Motor 
end plate 


Myofibrils 
activated by the 
motor neuron 


Muscle contraction is controlled by the nervous 
system. The diagram above shows how a nerve fi- 
ber extends from the spinal cord (blue) to a muscle 
fiber (pink). The nerve transmits the message for 
the muscle to contract. An understanding of such 
nerve-muscle action has been gained through 
much experimentation, In one type of experiment, 
depicted below, the effect of sciatic nerve stimula- 
tion on the gastrocnemius muscle of a frog was 
studied. The rate and extent of the muscle’s con- 
traction was recorded on a drum 
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ers, and the muscles exert the forces that 
cause motion. The biceps muscle, to give 
one example, is attached in front of the el- 
bow joint to the radius, the outer bone of 
the forearm, which, together with the inner 
bone, forms a lever. It is at the place of at- 
tachment of the biceps to the radius that 
effort is applied when we lift a weight, the 
elbow serving as the fulcrum. 

It was stated that muscles often have 
more than one function. Thus the biceps is 
not only an elbow-bender. It can also bring 
about rotating motion. When your right 
hand goes through the movement of turning 
a screw, you can feel the biceps contracting 
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to rotate the outer bone of the forearm, 
which carries the hand around with it. As 
this takes place, the triceps at the back of 
the arm contracts so as to prevent the bi- 
ceps from bending the elbov 


MUSCLES ACT IN GROUPS 


We can study the action of individual 
muscles, but it is important remember 
that muscles act not singly but in groups. 
We saw that both the biceps the triceps 
come into play when we turn a screw, A 
simple experiment will rev: jother case 


of cooperation between muscles. Move 


your right arm out from the y and then 
bring it down slowly while ing the del- 
toid muscle with your left hand. The deltoid 
muscle, shaped like a reversed Greek letter 
A, or delta, covers the shoulders. Gravity 
keeps pulling your arm dow he deltoid 
muscle gradually relaxes. Repeat the move- 
ment, but this time have someone resist the 
downward sweep of your arm v holding up 
your elbow. Now other muscles, such as 
the pectoralis major (greater ist muscle), 
come into play. As they meet continued 
resistance, the deltoid becomes more and 


more relaxed. 

This experiment reveals that gravity 
often serves to lessen the wear and tear on 
muscles. It also shows that proper muscle 
relaxation is as important as contraction. 
Suppose, for example, that a football player 
or a dancer wants to do a high kick, bending 
the hip while keeping the knee straight. He 
must first learn to relax the muscles of the 
back of the thigh which cross the hip joint 
and knee. 

Even widely separated muscles may 
play a part in exerting a given force. When 
we push or pull a heavy load, the abdomin: 
muscles are rigid. Often in such a case We 
stop breathing, because the muscles of the 
voice box in the neck have contracted, thus 
preventing air from passing up or down. 
The chest and abdomen have become a 18 
id mass, giving strong support to the arms. 

The abdominal, or body-wall, muscles 
oppose the action of the diaphragm, the 
dome-shaped muscular sheet between the 
chest and the abdomen. When we breathe 
in, the diaphragm contracts, deepening the 


chest ca» +y, and air rushes into the lungs. 
In doin the diaphragm pushes the ab- 
domina vans downward. The abdominal 
wall mo:.es relax somewhat. When we 
breathe the diaphragm relaxes and the 
muscle he abdomen contract. 


Ot »pposing muscles are arranged 


in suc! vay as to open and close the 
mouth the eyelids. Circular muscles, 
called crers, cause the mouth to close. 
It is oj | by muscles that run toward it 
like the kes of a wheel. For eye-opening 
there i forehead muscle, which wrin- 
kles th ehead when we open the eyes 
widely ı muscle that lifts the upper lid. 


Tt ce muscles around the mouth 


and th are interesting because they are 
attache) io the skin and not to the face 
bones ugh they are skeletal muscles. 
We u em to express our feelings— 
anger, sorrow, fear—and so they are 
called cles of expression. They are de- 
veloped from the same sheet that produces 
the platelike muscle attached to the skin of 
the neck. Certain animals have a big sheet 
of such muscle over the body. If a horse, for 
example. is annoyed by flies, it will cause 
its skin 1o quiver. Thus it will shake off the 
insects 

TENDONS 


Muscles are often made far more effec- 
tive by being combined with tendons. As 
we have already pointed out, tendons are 
bands of connective tissue attaching the 
ends of muscles to the bones. They are 
immensely strong. A tendon only six milli- 
meters in diameter can support the weight 
of from three to six people. 

Some tendons are very conspicuous. 
You can easily feel those which, like tense 
cords, pass behind the knees. You can also 
feel the Achilles’ tendon, running from the 
muscle of the calf of the leg down to the 
Projecting heel bone. 

People often confuse tendons with lig- 
aments, which are also found at joints and 
are also made up of connective tissue. The 
difference is that ligaments do not attach 
muscles to bones but hold one bone to an- 
other. That is, they serve to articulate, Or 
join, the parts of the skeleton. 


Tendons serve to transmit the force 
exerted by muscle fibers. Suppose that a 
given muscle is called upon to perform a 
strenuous task. We have already seen that 
each muscle fiber exerts a definite amount 
of force—never more, never less. There- 
fore, in order to get more force, we must 
have more fibers. But if we set all the fibers 
side by side, there would not be room 
enough on the bones for all the muscular 
attachments that are involved. 

Therefore, in many muscles the fibers 
are set at an angle, and their force is carried 
by a tendon running the length of the mus- 
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MUSCLES 


Intercostal muscles 
Diaphragm 
Large straight muscle 


Oblique and transverse muscles Protection and maintenan- of i 
te organs 
Pelvis: Perineal muscles; posoas Floor of the pelvis; mover ent 
Lumbosacral and buttock muscle masses Maintenance of upright p 
UPPER 
EXTREMITY 
Shoulder Pectoralis major Movement of the arm; inspi ation 
Dorsalis major 
Deltoid Movement of the arm 
Muscles of the shoulder region Rotation of the arm 
Am ies brachial Movement of the forearm 
Brachial triceps Extension of the forearm, 
Square pronateur muscle A 
Round pronateur muscle Rotation of arm 
Long and short supinators 
Radial muscles of back of forearm 
Radial muscles of front of forearm | Movements of the hand 
Poe perae -F Movements of the fingers 
Hand Interbone muscles Thumb and finger movements 
LOWER 
EXTREMITY a 
Buttocks and Buttock muscles Movement of thighs and maintenance of 
beginning posture ‘ 
of thigh 
s Psoas Movement of the thigh 
Thigh Quadriceps Extension of the leg 
Adductors Bringing together of thighs 
Thigh biceps 
Semimembranosus Bending of the leg 
Semitendinosus 
Leg Triceps femor 
Muscles of back of leg H Movement of the foot 
Flexors of the toes Bending of the toes 
Extensors of the toes Extension of the toes 
Muscles of front of the leg 
Peroneus Movements of the foot 
Foot Muscles of the sole Toe movements and maintenance of P 
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Shoulder movement; ins: 


E Respiratory movements 


Flexion of the trunk; expiranon 


cle. This arrangement gives the muscle the 
appearance of a feather, the tendon being 
the qui’ and the fibers the branches. An 
example ot this type of arrangement is the 
temple “uscle. You can feel it when you 
grit you seth. 

Tendons, then, serve to economize 
space that would otherwise be occupied by 
muscle ‘bers. Here is another example. 
Our hers and fingers can perform numer- 
ous ar ‘initely varied movements. We 
can strike a hard blow with the clenched 
fist, apy’ light pressure to a glass we are 
washit r delicately poise the fingers to 
thread needle. For such a variety of 


movements we need many muscles. There 


would pot be room for all the necessary 
muscular attachments to the bones of the 
hands 

I vroblem has been solved very in- 
genious Many of the muscles involved 
in moving the hands and fingers start in the 
upper part of the forearm. You can feel 


them when you bend and straighten the 
wrists and fingers. Near the wrist a great 


number of fibers are attached to a very few 
tendons ‘he forearm muscles manipulate 
the fing of the hand by means of these 


inter g tendons. 

Tendons also help muscles to with- 
stand sidewise pressure and friction. Where 
muscles rub against each other or against 
bone, they develop protective tendon 
patches. There are always tendons where 
muscles have to turn corners, as in passing 
from the leg to the foot. Here the muscles 
are shielded by the tendons and the tendons 
in turn are protected against friction by 
bags of connective tissue, called rendon 
Sheaths. 

These sheaths contain a fluid that acts 
as a lubricant as the tendon slides back and 
forth. When tendons are moved quickly for 
long periods of time, the sheath becomes 
hot and sore and may fill with extra fluid. 
As a result the joint may swell, and any 
movement will result in great pain. This 
condition is called tendinitis. The treatment 
in such cases is rest at the earliest possible 
moment. 

When there is friction on only one sur- 
face of a tendon, the connective tissue bags 


do not surround the tendon but lie between 
it and the bone or other structure against 
which the tendon rubs. Simple flattened 
bags of this kind are called bursae. We find 
them between the kneecap and the skin and 
in other places where friction occurs. A 
bursa reacts in the same way as a tendon 
sheath when there is excessive friction or 
infection. Its cavity fills with fluid and the 
walls thicken. This condition is known as 
bursitis, or inflammation of a bursa. 


MUSCLE TONE 


Muscles are used not only to cause 
movement but also to restrain movement 
by holding the bones firmly together. It is 
true that the bones are attached to one an- 
other by means of the bands of tough 
connective tissue that we call ligaments. 
But the muscles play the chief part in pre- 
venting unwanted movement. The ligaments 
are only a secondary line of defense, when 
the strain on joints is too great to too quick 
for the muscles to control. Even when the 
muscles seem to be relaxed, some of their 
fibers are contracting. This partial contrac- 
tion is called muscle tone or tonus. It serves 
not only to hold the bones in place but to 
keep the muscles taut and ready for their 
next time of use. 

Muscle tone helps us to maintain an 
upright position or posture. When we stand 
still, we can feel the firmness of the muscles 
in front of the hip joint and in the back of 
the thigh. We can feel them relaxing when 
we sway backward and forward. When we 
walk, the straightening muscle of the back- 
bone keeps us from falling forward. Wheth- 
er we stand or walk, the earth’s pull always 
tends to make us slump, with bent head and 
backbone, sagging belly, and bent knees. 
To prevent this, the brain and spinal cord 
send messages to muscles to keep up their 
tone and maintain our posture. 

We should always consciously aim at 
good posture when we stand or walk—or 
sit, for that matter. Otherwise we shall 
throw too much strain on some of the mus- 
cles involved in maintaining muscle tone. 
We shall not be able to breathe deeply and, 
if our bones are still growing, they may 
become deformed. 
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PECTORALIS MAJOR 
(GREATER BREAST 
MUSCLE) 


Muscles of the front of the chest and of the upper arm. Th 
num are points of attachment for some of these muscles 
of the various muscles is cl 
muscle will affect other mu: 


MUSCLES CAN CHANGE 


It is commonly known that muscles 
enlarge when they are exercised. The dif- 
ference in size is due not to the formation of 
new fibers but to changes in the girth of the 
existing ones. A new-born infant’s muscles 
weigh less than one kilogram; an adult’s 
weigh over twenty kilograms because of the 
enlargement of the fibers. If exercise in- 
creases the size of the muscles, disuse 
causes them to become smaller, as many a 
bedridden patient can testify. 

After injury, muscle fibers do not di- 
vide, as do skin cells, in order to repair the 
wound. The ends of cut fibers grow to re- 
place some of the lost tissue, but most of 
the repair work is done by connective tis- 
sue, which may form a scar, If the entire 
nerve path to a muscle has been Severed by 
injury or destroyed by disease, the muscle 
fibers shrink and die. However, in such 
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cases, other muscles can often be ini n 
perform at least a part of the work that 5 
formerly been accomplished by the no 
useless muscle. fe 

Muscle trouble may not always be À 
result of injury or disease. As a nae 
fact, anything that interferes with the p bi 
er functioning of the muscle may al 
difficulty. For example, muscles oon 
foot bones and help to balance the Pe 
Improperly fitted shoes often cramp a 
muscles, prolonged standing throws U ita 
strain on them, and foot trouble a 
This may affect muscles in other 2 
the body, such as the thigh, the bac 
even the neck and head. 


STRAINS AND SPRAINS 


Excessive use of a muscle and a 
much strain upon it may cause stiffness ite 
pain, especially when one tries to re ent 
muscle. This is a rather common ailm 


Fibers of skeletal muscle form different patterns. 


Some, like some large muscles of the back, are 
featherlike. Others, including some in the abdom- 
inal wall. are parallel, or straplike. 


among sprinters and baseball players. We 
do not know just what happens inside a 
muscle in such cases, since we ordinarily 
do not remove sections of living muscle for 
examination under the microscope. How- 
-riments with animals have shown 


ever, ¢ 
that when muscle fibers are greatly fa- 
tigued. they are more fragile and inelastic 
than usual. They lose the power to con- 
tract 


Muscles are sometimes bruised as the 
result of a blow or fall. In such cases the 
fibers are injured and numerous small blood 
vessels are broken. The blood then passes 
into the tissue, which becomes swollen and 
painful 

Muscles in the vicinity of joints are 
particularly likely to suffer the disabling 
injuries known as sprains. These occur 
when the joints are overstrained or violent- 
ly wrenched. There is tearing and displace- 
ment of tissues inside and outside the 
joint—the tissues of ligaments, muscles, 
tendons, tendon sheaths, and bursae. Often 
there is bleeding into the tissues. Some- 
times the connective tissue of muscles be- 
comes inflamed and gives rise to stiff neck 
and to lumbago, which is pain and stiffness 
of muscles low in the back. Cramps, which 
occur most often in the foot and leg mus- 
cles of the body, are prolonged, painful 
contractions. 

Muscles are often affected by diseases 
of the nerves, blood vessels, bones, joints, 
and other tissues. If a muscular disorder 
does not soon disappear, a doctor should 
be consulted, for it may be a warning signal 
of a serious disease. 


How we breathe, Middle right: when we exhale, the 
diaphragm is relaxed and the abdominal muscles 
(not shown) are contracted. The lungs shrink and 
gas is forced out of them. Bottom right: when we 
inhale, the opposite muscle actions occur, The 
abdominal muscles relax and the diaphragm con- 
tracts. The chest and the lungs expand, drawing in 
amass of air. 
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Anormal red blood cell, magnified 8,000 times. Red 
blood cells, or erythrocytes, contain hemoglobin — 
the oxygen carrier. 


BLOOD 


by Louis Faugeres Bishop 


The blood that circulates through the 
body during the lifetime of the individual 
comes in contact with all the body cells. It 
Serves as a highway over which materials 
travel to their destinations. It transports 
oxygen from the lungs to the cells, bears 
food elements from the digestive tract to 
different parts of the body, and carries off 
waste materials from the cells. Defense 
cells move in the blood to wherever they 
are needed to fight infection, Various hor- 
mones are also transported in the blood 
Stream. Besides Serving as a highway, the 
blood helps maintain a more or less con- 
stant temperature in the body. 

Blood is a red, Sticky fluid with a Salty 
taste. It varies in color froma bright scarlet 
to a bluish red. The adult man’s body con- 
tains about five liters of this precious fluid. 
Under the microscope we can see that it is 
composed of a watery fluid called plasma, 
in which certain formed elements are sus- 
pended. The formed elements are different 
types of cells—red blood cells, or erythro- 

cytes, white blood cells, or leukocytes, and 
platelets, or thrombocytes. 
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PLASMA 


The plasma is the watery of the 
blood, making up from 50 to 60 cent of 
the total. It is a clear yellow flui ving as 
a vehicle for the transportation « ! blood 
cells, white blood cells, platele id vari- 
ous substances necessary for t} | func- 
tioning of the body cells. Plas; © acts 
in blood clotting, and in the de of the 
body against disease. After clot ccurs, 
a straw-colored fluid called se s left. 
This portion of the blood retai liquid 
form indefinitely. 

About 90 per cent of plas: water, 
in which a great variety of sul es are 
held in suspension or in solutior ese in- 
clude proteins, such as fibrinoge umin, 
and the globulins, and also sug it, and 
inorganic salts derived from fo from 
the storage depots of the body. P! ı con- 
tains urea, uric acid, creatine other 
products of the breakdown o teins. 
There are enzymes, such as ac | hor- 
mones, thyroxine, and insulin, derived from 
the glands of internal secretion. There are 
also various gases: oxygen and ogen, 
diffused into the blood from the lunes: and 
carbon dioxide, diffused into the blood from 


the tissues, 
Proteins. The proteins in the plasma 
Serve several vital functions. For on thing, 
the cells of the body are made up mostly of 
Proteins. Proteins attract water. If proteins 
were present only in the cells and not in 
the plasma, the cells would draw the liquid 
into themselves until they would be swollen. 
The proteins in the plasma serve to balance 
the pulling effect exerted by the proteins in 
the cells. Serum albumin is the plasma pro- 
tein most concerned with this function. 4 
Among the other proteins contained in 
the plasma are various globulins. Gamma 
globulins are antibodies that serve to immu- 
nize the body against disease. They have 
been used to give passive immunity to such 
diseases as measles, infective jaundice, and 
polio. The globulin prothrombin, as we 
shall see, plays a vital part in the blood- 
clotting mechanism. Fibrinogen is another 
protein contained in the plasma. It too is 
involved in clotting. 


The ious proteins in the plasma can 
be sepa ]—a development in which the 
researc f Edwin Cohn and his asso- 
ciates ve Harvard Medical School 


played portant part. The separation of 
these pro is is called fractionation. Each 
protein ined in this way is called a 
blood-; a fraction. 

Sa he salts in the plasma are useful 
in varic vys. Sodium chloride (common 
salt) | -oteins dissolve —a vital func- 
tion, proteins must be in solution 
before can serve their purpose. Other 
salts ir plasma are known as buffers. 
They io maintain the same degree of 
alkalin the blood regardless of whether 
acids « es are added. 

RED E 2 CELLS 

Tr ythrocytes, or red blood cells, 
are th: st numerous of the formed ele- 
ments eir function is to carry oxygen to 
the ce roughout the body and to return 
carbon dioxide to the lungs. There are nor- 
mally t 5,000,000 in each cubic milli- 
meter ood in men and about 4,500,000 
in wor 

Each red blood cell is about 7/10,000 
Sickle-cell anemia is a disease in which the red 
blood celis have an abnormal sickle shape and do 
not function normally. 


B. Gefroy 


of a centimeter in diameter. Normally the 
cells are in the form of disks, both sides of 
which are concave. 

Red blood cells are developed in the 
red marrow, found in the ends of the long 
bones and throughout the interior of flat 
bones, such as the vertebrae and ribs. The 
cells have definite nuclei in the early stages 
of their formation. In man and the other 
mammals the nuclei are lost by the time the 
cells have become mature and before they 
are released into the blood stream. 

Each mature red blood cell has a struc- 
tural framework called the stroma, which 
is made up chiefly of proteins and fatty 
materials. It forms a mesh extending into 
the interior of the cell. It gives the cell its 
shape and flexibility. 

The most important chemical sub- 
stance in the cell is hemoglobin, which 
causes blood to have a red color. Hemo- 
globin is composed of an iron-containing 
pigment called heme and a protein called 
globin. There are about four parts of heme 
to ninety-six parts of globin. In a man the 
normal amount of hemoglobin is 14 to 15.6 
grams per 100 cubic centimeters of blood; 
in a woman itis 11 to 14 grams. 

Hemoglobin combines with oxygen in 
the lungs after air has been inhaled; the re- 
sulting compound is called oxyhemoglobin. 
When the red blood cells later make their 
way to other parts of the body deficient in 
oxygen, the oxygen in the compound 
breaks its bonds and makes its way by dif- 
fusion to the tissues of the oxygen-poor 
areas. Thus the red blood cells draw oxy- 
gen from the lungs, transport it in the blood 
stream, and release it to the tissues as need- 
ed. In high altitudes the rarefied air con- 
tains less oxygen, so the body needs more 
red cells to carry the needed amount of 
oxygen to its cells. Therefore, within limits, 
the higher the altitude, the more hemoglo- 
bin there is. 

The average life span of a red blood 
cell is 110 to 120 days. Worn-out cells are 
destroyed by the spleen. The remnants are 
transported to the liver, which stores the 
iron they contain. Eventually, the iron pass- 
es to the marrow of the bones, where new 
red cells will be formed. In the healthy indi- 
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vidual, the rate of formation of red cells in 
the bone marrow keeps pace with the rate 
of destruction. 


RED CELL COUNT 


Itis sometimes very important in mak- 
ing a medical diagnosis to determine the 
number of red blood cells and also the 
hemoglobin content of the blood. To count 
cells, the blood is diluted by a carefully 
measured amount of 0.9 per cent sodium- 
chloride solution, and then the red cells are 
counted one by one in a tiny glass compart- 
ment within a counting chamber. The di- 
mensions of the compartment are 1/20 mil- 
limeter by 1/20 millimeter by 1/10 millime- 
ter. Its capacity, therefore, is 1/4,000 cubic 
millimeter. After one finds out the number 
of red cells in this amount of diluted blood, 
it is a relatively simple matter to calculate 
the number of cells in a cubic millimeter of 
undiluted blood. This test can be mislead- 
ing unless the diagnostician considers that 
while the count may be normal, the individ- 
ual cells may be lacking in an adequate 
amount of hemoglobin. 

Various methods are used to deter- 
mine the hemoglobin content of the blood. 
Most of these depend on the color of the 
hemoglobin. Sometimes a drop of blood is 
drawn and compared with a chart contain- 
ing various shades of red or pink. Each of 
these shades represents a certain color of 
blood and this color corresponds to a 
known quantity of hemoglobin. 

A more accurate method requires the 
use of a Spectrophotometer. A sample of 
the blood is mixed with ammonium hydrox- 
ide and then shaken, the hemoglobin thus 
being converted into oxyhemoglobin. This 
pigment is then measured by means of the 
spectrophotometer, 

Another test used in the study of the 
red blood cells is the hematocrit reading, 
which gives an estimate of the volume of 
packed red cells in relation to the volume of 

the plasma. First an oxalate (a salt of oxalic 
acid) is added to the blood to prevent its 
clotting. A sample of blood is then inserted 
into a hematocrit tube, closed at one end 
and graduated in millimeters, and the tube 
is whirled, or centrifuged. The red cells 
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become packed in the bottor nce they 
are heavier than the plasma he level 
reached by the packed cells lower or 
higher than the normal readin; vay indi- 
cate disease. From the hemat reading, 
it is possible to figure the volur d hemo- 
globin content of the average cell and 
the concentration of the hemo in in the 
red-cell mass. This test is ı ly more 
accurate than measuring the he lobin. 

A doctor may also want 10w the 
sedimentation rate of the rec rd cells, 
The oxylated blood is placed hemato- 
crit tube and left standing upri n a rack 
for a certain period. The red « sink be- 
cause they are heavier than {| isma in 
which they are suspended. rate at 
which they fall may be hasten: slowed 
by abnormalities. The princip tors in- 
fluencing the sedimentation ; are the 
concentrations of the proteins er sedi- 
mentation has taken place, the | is cen- 
trifuged in order to pack the re od cells 
tightly. Then the hematocrit i: 

The red blood cells may al exam- 
ined on a slide. A drop of blood smeared 
on a slide, dried, and then st cd. The 
technician can tell whether the cells are 
abnormal in shape, in hemoglob'» content, 


and in other respects. 
WHITE BLOOD CELLS 


The white blood cells are the body’s 
military force, attacking disease organisms 
such as staphylococci, streptococci, and 
Meningococci bacteria. These cells are far 
less numerous than the red variety. The 
Proportion of white to red under normal 
Conditions is 1 to 400 or 500. The white 
blood cells are semitransparent bodies. 
They differ from red cells in several impor- 
tant respects. Among other things, they 
contain no hemoglobin and they always 
have nuclei. 

There are several easily distinguished 
Varieties of white cells: neutrophils, lym- 
Phocytes, basophils, eosinophils, and 
monocytes. Neutrophils, basophils, and 
eosinophils are formed in the bone marrow. 
Lymphocytes are made in the lymphatic 
tissues. Monocytes are formed in the re- 
tculoendothelial system. All white blood 


cells have a life span of less than two weeks. 
Neutrophils. The neutrophils are by far 


the mos: sumerous of the white blood cells, 
making from 65 to 70 per cent of the 
total. They derive their name from the fact 
that they readily take the color of a neutral 
dye. These cells are about half as large 
again as red blood cells. 


When germs infect the body, they be- 


gin to troy the tissues because of the 
poisons liberate. The nearby blood 
vessels begin to dilate and quantities of 
blood Ë into the area. The neutrophils 
migrate in great numbers to the affected 
region i make their way through the 
walls of the expanded blood vessels. They 
then at ihe invading bacteria and engulf 
them. They also absorb fragments of body 


have succumbed to the invading 

Many of the neutrophils are 
terial poisons. In dying, they 
release sstive enzymes, which serve to 
break uy rby dead cells. 

As a result of all this activity, the area 
of the infection becomes swollen with 
blood, tissue fluids, dead cells, living and 
dead bacteria, and neutrophils and various 
kinds of cell fragments. All these elements 
form a thick semiliquid mass called pus. A 
large accumulation of pus is called an ab- 
SCeSS. 

As more and more neutrophils are 
drawn into the struggle against the invading 
organisms, the formation of neutrophils in 
the bone marrow is speeded up. The result 
is that there is a notable increase in the 
number of white cells in the blood. This 
condition is called leukocytosis. This fact 
gives the physician an important tool for 
diagnosing pneumonia, appendicitis, peri- 
tonitis, mastoiditis, and other diseases. In 
these diseases the white-cell count may 
tise from the normal 5,000 or 10,000 per 
cubic millimeter to 15,000 or 20,000 or, in 
extreme cases, to 50,000. In most cases the 
additional white cells are neutrophils. 

Lymphocytes. The white blood cells 
known as lymphocytes are second only to 
the neutrophils in number. They make up 
from 20 to 25 per cent of the white cells. 
They are found in large numbers in the 
lymph nodes and spleen. It is thought that 


organisms 
killed by 


Many procedures to determine the condition of the 
blood have been developed. In some the color of a 
sample of blood is compared to a standard chart. 


lymphocytes are transformed into con- 
nective-tissue elements, which aid in the 
healing process. Some authorities believe 
that lymphocytes may release antibodies. 

Basophils. The basophils (0.5 to 1 per 
cent of the white-cell total) are so called 
because they have an affinity for a basic 
dye called methylene blue. Basophils se- 
crete an anticoagulant, called heparin. Hep- 
arin is a normal part of the blood. It plays a 
role in preventing clots within blood vessels. 

Eosinophils. The eosinophils (2 or 3 
per cent), which are easily stained with 
the dye called eosin, increase in number 
in some diseases, particularly allergic in- 
fections such as hay fever and asthma, and 
in certain parasitic conditions, including 
hookworm and trichinosis. 

Monocytes. The white blood cells 
known as monocytes (5 to 12 per cent) are 
active little cells, moving around in the 
blood stream at a great rate. They act 
much like amebas, pushing out their pseu- 


BLOOD 


201 


dopodia and enveloping debris resulting 
from infection. They seem to form part of 
the body’s defense against microorganisms, 
and are especially active in tuberculosis, 
malaria, and typhoid. Monocytes are the 
largest of the white blood cells. They are 
two or three times as large as red blood 
cells. 


WHITE CELL COUNT 


Since the proportions of the different 
white cells in the blood can indicate some 
abnormality, the doctor may want to know 
what percentages of each are present. This 
is determined by what is called a differen- 
tial white-cell count. A drop of blood is 
smeared on a slide and is dried and stained. 
A count is then made of the actual numbers 
of each type of white cell out of a given to- 
tal—say, 100. In some reports of differen- 
tial white-cell counts, the percentage of 
each type of white blood cell is given. In 
others, the number of each type per cubic 
millimeter of blood is calculated. 


PLATELETS 


Platelets are tiny circular or oval disks, 
which are derived from certain giant cells in 
the bone marrow, called megakaryocytes. 
Their number ranges from 200,000 per cu- 
bic millimeter to 500,000 or more. The 
platelets, which are much smaller than the 
blood cells, serve several useful purposes. 
When they disintegrate, they liberate a sub- 
stance called thrombokinase or thrombo- 
plastin, which is vital in the blood-clotting 
process. They also help to plug leaks in the 
tiny blood vessels called capillaries. 

_ A doctor who Suspects the platelets of 

being abnormal may want to examine 
the blood for them. This, also, is best done 
with a stained slide. Exact counts of plate- 
lets are difficult to do with accuracy be- 
cause the little cells tend to clump together, 
Doctors usually consider it sufficient if sev- 
eral clumps are seen in nearly every field 
observed under a microscope. Of course 
this tendency to stick together is one thing 
that makes the platelets so useful. They act 
in this way when they plug up little holes in 
capillaries. Platelets live for only a few 
hours. 
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CLOTTING 

Blood is so vital that the |x f a con- 
siderable quantity would hay direst 
consequences. Fortunately for nature 
has provided a means of stanc} he flow 
from ruptured blood vessels ugh the 
process known as coagulation, tting. 

In clotting, the blood is fir: nverted 
into a jellylike mass. As the pr contin- 
ues, threadlike structures, whi e com- 
posed of fibrin, form a tangle: sh. The 
formed elements of the bloo >d and 
white blood cells and platelets - trapped 
in the meshes. As the clot ifies, it 
shrinks and serum is squeezed from it. 
The red color of the clot is duc the red 
blood cells that have been ca ed be- 
tween the interlacing strands fibrin, 
These cells have nothing wha r to do 
with the clotting process. 

Fibrin is not present in the d. It is 
formed through the union o ) sub- 
stances called fibrinogen and ombin. 
Fibrinogen is always present in jlasma. 
Thrombin is not always present igh the 
plasma contains an inactive forr throm- 
bin called prothrombin. Vitamin neces- 
sary for the formation of prothro bin and 
several other blood factors. 

A rather complicated train of events 
occurs before fibrin appears. First, the in- 


Jured tissues liberate a clot-inducing sub- 
stance called thrombokinase. This is also 
freed by the disintegration of platelets. 
Thrombokinase then reacts with the pro- 
thrombin present in the plasma, in the pres- 
ence of calcium ions (electrically charged 
calcium atoms), to produce thrombin. Fi- 
nally thrombin and fibrinogen react to pro- 
duce fibrin, which then enmeshes to form 
the clot. Blood normally clots in one to five 
minutes in the case of a superficial flesh 
wound. Much more time is required if the 
wound is deep. 


BLOOD DISEASES 


. A number of illnesses are character- 
ized by some abnormality in the blood. 

Anemias. In some cases, the red blood 
cells are seriously reduced in number of 
else they are deficient in hemoglobin. We 


then have 129e condition known as anemia— 
or, more \orrectly, the anemias. Because 
of the he oglobin deficiency, less oxygen 
reaches ¿“< tissues and the cells cannot 
function © ormally. Among the symptoms 
are pallo». atigue, headache, general weak- 
ness, bl: spots before the eyes, palpita- 
tion of heart, and an increased pulse 
rate. Ir vere cases, breathing may be 
shallow + | difficult. Occasionally there is 
an exces». © amount of water in the tissues. 
This is ally due to poor circulation, 
since th irt muscle is not getting enough 
oxygen, | some instances a person may be 
anemic ‘out displaying any of these 
sympto 

The are various types of anemias. 
The nu nal anemias are due to some 
malfunctioning of the blood-forming cen- 
ters. Eno: oh of the materials necessary for 
blood f ‘tion may not be present in the 
diet, or >e body may not be able to utilize 
those m'erials. If enough iron is not taken 
in, for example, an iron-deficiency anemia 


may develop. The red blood cells will be 
smaller fan is normal, perhaps fewer in 
number, ond they may have less hemoglo- 
bin than usual. They will not be able to carry 
enough oxygen and so an oxygen deficiency 
will deveiop in the tissues. Women are par- 
ticularly likely to develop this kind of ane- 


Red blood cells seen under the electron microscope. In the anemias, 
too few or abnormal red blood cells. In polycythemia, there are too many. 


mia. Another nutritional anemia, causing 
similar symptoms, is achlorhydric anemia. 
In this disease, not enough hydrochloric 
acid is secreted in the stomach. This pre- 
vents absorption of iron, even though there 
may be enough in the diet. 

In hemolytic anemias, the circulating 
red blood cells are destroyed too quickly. 
This may be either an inherited or acquired 
characteristic. It may be due to overactivity 
of the spleen, to the effects of certain poi- 
sons, or to the fragility of the red blood 
cells. In certain cases, it may be necessary 
to remove the spleen. 

The disease known as pernicious ane- 
mia is particularly serious. People with 
pernicious anemia lack a certain enzyme- 
like substance in the gastric juice. This sub- 
stance is necessary if the body is to absorb 
cyanocobalamin, or vitamin B,,, and be able 
to produce red blood cells. They must be 
given vitamin B,, by injection, since they 
cannot absorb it through the normal pro- 
cesses of digestion. Death occurs in two or 
three years after the disease begins if the 
treatment is not applied. 

Certain anemias are secondary — that 
is, they result from some underlying con- 
dition, which may or may not be clearly 
defined. Such anemias may be a conse- 
quence of hemorrhage, chronic blood loss, 
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acute infection, malignant growths, gastro- 
intestinal disease, or damage to the liver. 
X rays and various toxic and radioactive 
substances may cripple the bone marrow so 
that it is unable to produce an adequate 
number of red blood cells. 

Polycythemia. A serious disorder, poly- 
cythemia, is characterized by an overpro- 
duction of red blood cells. The blood be- 
comes too thick and moves through the 
veins sluggishly. The patient complains of 
headaches and dizziness and has a tendency 
to form clots in the blood vessels. If these 
clots drift around in the veins and arteries, 
they may cause gangrene, or tissue death, 
to develop. Clots that plug up a vessel in 
the heart or brain may cause death. The 
patient is bled at regular intervals and may 
be given a drug to slow down the red-cell 
production, 

Leukemia. In some illnesses there is an 
overproduction of white blood cells. This is 
sometimes due to the disease known as 
leukemia, in which the white-cell count may 
reach the amazing total of 500,000 per 
cubic millimeter. The white cells overrun 
the bone marrow, crowd out the red-blood- 
cell and platelet-producing material, and 
cause an accompanying anemia to develop. 
Lymph nodes and reticuloendothelial tis- 
sue swell with their burden of excessive 
white cells. Leukemia is believed to be due 
to an abnormal condition of the bone 
marrow or lymphoid tissue, causing white- 
cell-forming elements to multiply. Treat- 
ment can prolong life, but it cannot cure the 
disease. There are acute leukemias in 
which life expectancy is only a few months, 
and chronic cases in which the patient 
may live years. 

Agranulocytosis.Sometimes there are 
too few white cells—a condition known as 
agranulocytosis. The body’s resistance to 
disease is lowered and secondary infection 
may develop. Agranulocytosis may be 
caused by toxic substances and diseases of 
the white-cell-producing tissues. With this 
disorder, a patient may die from the effects 
of the infections he cannot resist, 

Clotting disorders. In another group of 
diseases, the body may be deficient, for one 
reason or another, in one or more of the 
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A number of diseases can be diac 
change in the number, shape, or size o 
blood cells. 


əd by a 
ve various 


essential clotting elements. Plat: 
be defective or too few in n 
fibrinogen content of the plasm: 
seriously reduced; or there may 
thrombin deficiency, brought ab 
lack of vitamin K. If any of the 
tions are present, even slight wou: 
cause dangerous bleeding. q 

In thrombocytopenia, a disease in 
which there are too few platelets, the 
blood tends to seep out of the circulatory 
system, making black and blue bruise spots 
and petechiae, or tiny pinprick-sized blood 
spots. This happens because there are not 
enough platelets to plug up small breaks in 
the capillaries. If the condition is not cor- 
rected, fatal bleeding may occur. 

The failure of the blood to clot proper- 
ly has particularly serious consequences in 
the disease called hemophilia. It is a heredi- 
tary disease, occurring almost exclusively 
in males and transmitted directly only by 
females. The most trivial happening — fric- 
tion on the gums, a very slight cut —may 
bring on serious hemorrhages. , 

At times the blood may clot too quick- 


ly. A clo’ called a thrombus, may form 
upon the of a ruptured blood vessel. It 
may exte »mpletely across the vessel in 
such a w ; to shut off the flow of blood. 
If this ve supplies blood to a vital body 
structure consequences may be most 
serious. h may result unless nearby 
blood ve ; can take over the task of 
supplyin od to the affected areas. 


In s cases a thrombus may break 


loose fro lood vessel. It may be carried 
off in th» ood stream to another blood 
vessel, vı it may partly or wholly block 
up. A fi ı or abnormal particle of any 
kind cart n the blood stream in this way 
is called mbolus (plural: emboli). If an 
embolu ansported by the blood stream 
in the ve o the right side of the heart it 
may bloc the pulmonary artery, wholly 
or in pa eath results if the artery is en- 
tirely obs ructed. If the stoppage is only 
partial, rene or inflammation of part 
of the |: ommonly takes place. Emboli 
may bl up arteries in other parts of 
the bo id may result in the shutting 
off of th- blood flow in these areas. If the 
embolus septic—that is, poisoned by 
bacteria would cause infection wher- 
ever it is lodged and may lead to pyemia, a 
kind of biood poisoning. 

BLOOD GROUPS 


___ Each person’s blood possesses certain 
inherited characteristics which distinguish 
it from the blood of every other person. On 
the basis of these characteristics, human 
blood is divided into different groups. Sci- 
entists came to understand the groups when 
they studied blood transfusion. 

In blood transfusion, blood from an 
outer source is introduced into the veins of 


Percentage of 
Caucasoids be- 


SEVIMENTAIIOUN OF IRE BLUUD 


Plasma 55% 


Leukocytes 
or white 


blood cells); 
Cells sa- 
Erythrocytes, 


or red 
blood cells 


The different components of the blood settle at dif- 
ferent rates. Changes in the normal sedimentation 
rate can indicate an abnormality. 


a person in order to replace lost blood, or to 
prevent shock, or to combat infection, or to 
treat certain other conditions. Formerly 
anyone willing to contribute his blood was 
accepted as a donor. Doctors were puzzled 
by the serious aftereffects that sometimes 
occurred. The red blood cells of certain do- 
nors would form clumps after transfusion. 
We now understand, thanks to the re- 
searches of pathologist Karl Landsteiner 
and others, why these effects occur. They 
are due to substances called agglutinogens, 
or antigens, which occur in the red blood 
cells, and also to agglutinins, the anti- 
bodies that originate in the serum of the 
blood. A certain variety of agglutinin will 
cause red blood cells to clump if these cells 
contain a certain variety of agglutinogen. 
Two important types of agglutinogens 


Percentage of 
Mongoloids be- 


Percentage of 
Negroids be- 


Name of Agglutinogens in Agglutinins 
group red blood cells in serum longing to group longing to group longing to group 
A B anti-A anti-B 
Group O none none present present 40% 42% 29% 
Group A present none none present 45% 24% 42% 
Group B_ none present present none 10% 28% 20% 
Group AB present present none none 5% 6% 9% 


BLOOD 


are those called A and B. Corresponding to 
these are two kinds of agglutinins, called 
anti-A (or æ) and anti-B (or 8). Clumping of 
red blood cells takes place if blood contain- 
ing A is mixed with blood containing anti- 
A, or if blood containing B is mixed with 
blood containing anti-B. The red blood cells 
of a given person may contain both A and 
B, or either A or B or neither A nor B. His 
serum may contain both anti-A and anti-B, 
or either of these substances or neither of 
them. Of course no person could have both 
A and anti-A or B and anti-B in his blood, 
because if such were the case, clumping 
would be going on all the time. 

The blood of human beings has been 
classified in four groups on the basis of the 
A, B, anti-A, and anti-B factors. These 
groups are known as O, A, B, and AB. 


Rh FACTOR AND OTHERS 


There are also other blood groupings. 
One that also has an important bearing on 
blood transfusion is based on the so-called 
Rh factor, an agglutinogen found in the red 
blood cells of most people. It is called the Rh 
factor because it is similar to an agglutino- 
gen found in the red blood cells of the rhe- 
sus monkey, Blood possessing the Rh fac- 
tor is called Rh-positive. Blood without this 
agglutinogen is known as Rh-negative. 

_ _ If blood from an Rh-positive person 
is transfused into an Rh-negative person, 
the serum of the latter will produce an anti- 
Rh agglutinin. If the patient receives an- 
other Rh-positive transfusion, the anti-Rh 


Blood typing is based on the antibody-antigen 
reactions in the blood. The blood shown below is 


type A. It has clumped because type B 
added to it be a 


agglutinin will cause the red blood cells 
contributed by the donor to clump as soon 
as they enter the recipient. 

A similar type of reaction occur 
when an Rh-negative woman becomes preg- 
nant with an Rh-positive baby e baby 
having inherited the Rh factor f its fa- 
ther. During pregnancy some © ‘he red 
blood cells of the fetus may pas: nto the 
mother’s blood and cause her bos. to pro- 
duce antibodies against the R` factor. 
These antibodies can then pass the fe- 
tal blood stream and cause the destruction 
of red blood cells in a condition own as 
erythroblastosis fetalis. This reac on does 
not usually occur in a first pregn: unless 
the woman has previously built vp Rh anti- 
bodies, but subsequent preg ies in 
which the fetus is Rh positive do presenta 
problem. However, highly succes: «| treat- 
ments are now available to prey ont such 
problems and to cure them if they occur. 

Many other blood groups ha ecome 
known; many different combinations of all 
the factors are possible. These -tors ac- 
count for the complexity and inc: ‘duality 
of each person’s blood. 

TRANSFUSIONS 

Knowledge of the different blood 

groups has made blood transfusions a rela- 


tively safe procedure. Tests for the O, A, 
B, and AB groups and for the subgroups 
are made before a transfusion. The donor 
and the recipient should belong to the same 
main group. In case of extreme emergency, 
group-O blood may be given to patients of 
any group, and AB patients may be given 
blood from any of the three other groups. 
For this reason, Group O is known as the 
universal donor group, and AB is called the 
universal recipient group. 

In many cases human plasma is used 
for transfusions, particularly to replenish 
deficiencies in blood proteins, to build up 
or maintain blood volume, and to treat 
shock. The great advantage of this type of 
transfusion is that plasma from any donor 
may be used, and plasma can be safely 
Stored for long periods and easily trans- 
ported. The plasma fraction serum albumin 
has proved particularly effective in shock. 


HE CIRCULATORY SYSTEM 


by Chalmers L. Gemmill 


Blox carried to every part of the 
body in intricate system of tubes that 


make uj circulatory system. This sys- 
tem cons of a pump—the heart—and a 
network of blood vessels — arteries, capil- 
laries, cins. All arteries lead from the 
heart. Al; veins lead to the heart. Arteries 
and veir » connected by capillaries. 


Bric! v, this is what happens as blood 
art of the blood in the heart has 


circulat 

just rec l a fresh store of oxygen from 
the lun; his blood is pumped into a large 
artery © aorta. From the aorta it is car- 
ried int »yanched system of smaller ar- 
teries. om the arteries it passes into the 
capillar Here the blood gives up oxygen 
and fo vaterials, which have been ab- 


sorbed fom the small intestine and liver, to 


the tissi Waste materials, including the 
gas carbon dioxide, are received. The 
blood, now deoxygenated, then passes to 
the veins. It is returned to the heart by way 
of two large veins. 

The blood is then pumped from the 


heart through the large pulmonary artery to 
the lungs. In the lungs carbon dioxide is 
discharged and oxygen is received. The 
oxygen-laden blood is then returned to the 
heart through the pulmonary veins, and 
another cycle begins. 

There are two major circulation sys- 
tems in the body. In the greater, or system- 
ic, circulation, blood is transported from the 
heart to every part of the body and back to 
the heart. In the lesser, or pulmonary, circu- 
lation, blood travels from the heart to the 
lungs and from the lungs to the heart. There 
are various minor systems, such as the 
hepatic circulation, through the liver, and 
the cerebral circulation, through the brain. 

The blood that has received fresh sup- 
plies of oxygen from the lungs is called 
arterial blood. The name venous blood, or 
deoxygenated blood, is given to blood that 
has passed through the capillaries and has 
become charged with carbon dioxide. Gen- 
erally speaking, arterial blood is trans- 


ported in arteries, and venous blood is 
transported in veins, There are exceptions, 
however. The blood that passes from the 
heart through the pulmonary arteries on its 
way to the lungs is venous blood, It be- 
comes arterial blood as it receives a fresh 
charge of oxygen in the lungs. It is then 
carried to the heart, as we have seen, 
through the pulmonary veins. 


HEART STRUCTURE 


Let us now have a closer look at the 
works of the circulatory system, The heart, 
the pumping station of the system, is a 
muscular organ, about as large as the closed 
fist, Its average weight is about 340 grams 
in men and 255 grams in women, Normally 
it lies somewhat to the left in the chest, 
Completely enclosing the heart is a double 
sac —the pericardium, 


External view of the normal human heart. This 
muscular organ is the pump for all the intricate tub- 


ing of the circulatory system. 
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SYSTEMIC AND PULMONARY CIRCULATION 


Lungs—purification 
of the blood through 
gas exchange 


Head and arms 


Superior 
vena cava 


vena cava 
Kidneys 


Lymphatic 
vessels 


Intestine 


A wall, called the septum, divides the 
heart into a left half and a right half. Each 
half, in turn, is divided into an upper cham- 
ber—the auricle, or atrium—and a lower 
chamber—the ventricle. The auricles re- 
ceive blood from the veins. The ventricles 
pump blood into the arteries. 

There is an opening between the auri- 
cle and the corresponding ventricle on each 
side of the heart. The two openings are 
guarded by valves, made up of thin, mem- 
branous flaps. The valve between the right 
auricle and right ventricle has three flaps. It 
is called the tricuspid valve. There are only 
two flaps in the valve between the left auri- 
cle and left ventricle. This is called the bi- 
cuspid valve. It is also known as the mitral 
valve, because with its two flaps it looks 
something like a bishop’s miter, 

Two other valves, the aortic and the 
pulmonary, guard the exits from the ventri- 
cles. The aortic valve is set at the beginning 
of the aorta, the big artery from which 
blood flows to every part of the body. The 
pulmonary valve is located at the beginning 
of the pulmonary artery, which carries 
blood to the lungs. 
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HEART ACTION 


Each pumping action of the he: 
sists of two phases—systole and diastole. 
The heart contracts in systole. It relaxes in 
diastole. 


During the relaxing phase, blood— 
deoxygenated blood —enters the right auri- 
cle from two big veins, the superior vena 
cava and the inferior vena cava. The supe- 
rior vena cava leads from the head, neck, 


and arms; the inferior, from the abdomen, 


pelvis, and lower limbs. At the same time 
that blood is flowing into the righ! auricle 
from the venae cavae, other—fresiily oxy- 
genated—blood is entering the left auricle 
from the pulmonary veins, leading from the 
lungs. 

The valves between the auricles and 
ventricles on both sides of the heart open. 
Blood rushes into the ventric When 
these are quite filled, or nearly “Hed, the 


auricles contract and empty thei: 
into the ventricles, giving an extra ti 
the blood. This is the start of s 
ventricles contract in their turn. 
so, the valves between the venti 
the auricles close. For a time e 
cle, still contracting, forms a closed con- 
tainer for blood, since the valves on either 
side of it are shut. 

Finally the aortic valve and the pul- 
monary vaive, shutting off the ventricles 
from the arteries, are forced open. Blood 
spurts from the right ventricle to the pul- 
monary artery and is sent on its way to the 
lungs. At the same time, blood is forced 
from the left ventricle into the aorta. From 
here it will be transported by way of the 
other arteries to the different parts of the 
body. The ventricles relax, and diastole 
Sets in. The aortic and pulmonary valves 
then close. 


BLOOD FLOWS INTO ARTERIES 


The arteries, into which the ventricles 
pump blood, are tough and elastic vessels. 
Their walls are made up of three coats. The 
inner coat consists of a delicate and thin 
cellular lining. The middle one is much 
thicker. It is made up of smooth muscle 
fibers and elastic connective tissue. The 


connectiy: tissue of the outer coat bears 
nerves ar< small blood vessels. 
Gen » ‘iy the arteries are overfilled 


with blo and therefore their walls are 
somewh stretched. They are stretched 
still mo ien the ventricle ejects blood 
into the Juring the relaxing phase, or 
diastole, walls of the arteries contract. 
As they o, they press upon the blood 
and forc jong the arterial system. 


Let ollow the course of the blood as 


it leave. <e left ventricle and enters the 
aorta, fi which it will circulate through- 
out the | As we have seen, it is now 
rich in en. This gas, absorbed in the 
lungs, h mbined with the hemoglobin in 
the red od cells, to form a compound 
called « moglobin. Because of the re- 
newed ly of oxygen, the red blood cells 
are nov sht scarlet, and they impart this 
color to t^e blood. 
ARTER TO ARTERIOLES 

Th ria, the first and largest of the 
arteries yore than two and one-half cen- 
timeters | diameter at the place where it 
begins » ve upper part of the left ventricle. 
Two ari es, leading from the aorta near its 
base, susply the heart muscle itself with 
blood. They are called the coronary ar- 


teries. 

Beyond the coronary arteries the aorta 
forms an arch about five centimeters high. 
Three large arterial branches lead from the 
top part of the arch. They are the innomi- 
nate, left carotid, and left subclavian ar- 
teries. Bleod flows through them to arteries 
in the head, neck, upper limbs, and chest. 
The descending part of the aortal arch, 
passing near the vertebral column, leads 
from the chest cavity into the abdominal 
cavity. There are branches from this part of 
the aorta to the intestines, kidneys, and 
other organs of the abdomen. The descend- 
ing aorta finally divides into two terminal 
branches. These are the right and left iliac 
arteries, which carry blood to the legs. 

As they branch out, the arteries grow 
smaller. The tiniest tubes in the arterial sys- 
tem are not much thicker than hairs. They 
are only about 0.2 millimeter in diameter. 
These blood vessels are called arterioles, or 
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little arteries. They are plentifully supplied 
with encircling smooth muscle. When the 
muscle fibers contract, they reduce the 
diameter of the arterioles, or close them off 
entirely. The diameter of the arterioles is 
increased when the muscle fibers relax. 

The arterioles play an important part in 
distributing blood in appropriate quantities 
to the different parts of the body. When the 
skeletal muscles, for example, are em- 
ployed in strenuous exercise, they use up 
food substances and oxygen more rapidly. 
They also produce more carbon dioxide 
and other wastes. More blood must then 
flow through the muscles to supply the nec- 
essary oxygen and food materials and to 
carry off wastes. 

More blood is supplied as the arteriole 
muscles relax. The flow of blood is cut 
down as the muscles contract. The nerves 
that trigger this muscle action form part of 
the autonomic nervous system. They re- 
spond to chemical stimuli, and are also 
affected by external stimuli such as cold, 
heat, and massage. 


CAPILLARIES 
From the arterioles, blood flows into 
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THE CIRCULATORY SYSTEM 


the capillaries. These are the “nest of all 
blood vessels. Their diameter i+ only about 


0.02 millimeters. The capillaries form an 
intricate network of connectin channels, 
Though each of the blood vessels in the 
network is tiny, their combine ‘pacity is 


greater than that of the arteric:. and they 
offer a wider channel for the -assage of 


blood. As a result, the flow of blood through 
the capillaries is comparatively w. 

As we pointed out, the vange of 
materials between the blood ar e tissues 
of the body takes place only in capillar- 
ies. Their walls are made up of © «ingle lay- 
er of cells and are porous. They ‘low fluid 
to pass from the blood and to mm- with the 
fluid present in the tissues. Th: also per- 
mit tissue fluid to enter the cap | aries and 
to mix with the blood. 

The exchange of materials © brought 
about by diffusion through the capillary 
walls. Suppose that a given mater «| is more 
highly concentrated on one side of these 
walls than on the other. It will p: -< through 
the walls from the area of greater concen- 
tration. For example, there is mo © oxygen 
in the blood that flows into the -apillaries 
than there is in the tissue fluid. ‘herefore 


the oxygen will pass through the capillary 
walls into this fluid. To do so, it breaks 
loose from the hemoglobin with which it 
has been combined in the red blood cells. 
Dissolved food materials transported by 
the blood will also pass into the tissue fluid. 

Food materials and oxygen diffuse into 
the body cells from the tissue fluid. In the 
cells food substances are converted into a 
variety of new materials. Energy is released 
as food materials are oxidized — that is, a8 
they combine with oxygen. The energy 
enables the body to carry on its activities. 
The heat that accompanies energy release 
helps maintain body temperature. 

Carbon dioxide is one of the end prod- 
ucts when food materials are oxidized. It 
Passes from the cells to the tissue fluid a 
from the tissue fluid into the capillaries. 
Various wastes, such as urea and uric acid, 
also make their way from the cells to the 
capillaries. They are carried in the blood to 
the kidneys and are later passed from the 
body in the urine. 


Arteries ar ins branch out, forming a complex 
network th shout the body, as this diagram of 
just a part < ye body shows. 

The neter of the capillaries can be 
decrease increased. The capillaries 
nearest the arterioles are provided with 
smooth m{»scle. As this contracts or dilates, 
it helps control the quantity of blood pass- 
ing throusn the capillaries. Changes in the 
diamete: the arterioles and capillaries 
account arious changes in the color of 
the skin example, when they are dilat- 
ed and fi with blood, the face becomes 
hot and hed. When they contract, the 
face becomes pale and cool. 

BLOOD N IN VENULES AND VEINS 


The \/ood passes from the capillaries 


to very ll veins, called venules. By this 
time the :¢4 blood cells have given up a part 
of their gen load and as a result they 
have become dark red. This accounts for 
the dark red color of venous blood. There 
are thousands upon thousands of venules. 
They gradually merge and form larger 
veins. These combine in their turn. As the 
blood reaches the larger veins, its speed 
increases. The venous system ends with the 
two large veins—the superior and inferior 


venae cavae — that lead to the right auricle. 
The structure of the veins is much like 


Valves found in the aorta. Left: cross 
Right: a closed valve as seen from above. 


Pigeon nest valve 
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that of the arteries. However, their walls 
are thinner and have less smooth muscle. 
Many of the larger veins contain valves that 
permit the blood to flow toward the heart 
but not backward toward the arteries. The 
action of the skeletal muscles helps main- 
tain the flow of blood in the veins. When the 


section of aorta, showing open valves. 


closed valve (seen from above) 


Sigmoid valves 
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muscles contract, they press upon the 
veins, forcing blood forward toward the 
heart and cutting off the flow from the arte- 
ries. When the muscles relax, blood flows 
into the veins again, from the capillaries. 
The movements made in breathing also 
help to pump blood through the veins. As 
the volume of the chest cavity is increased 
in inhalation, pressure is reduced in the 
large veins of the body. This causes blood 
to be drawn into them from the capillaries. 


BLOOD TO AND FROM THE LUNGS 


From the right auricle, as we have 
seen, the blood enters the right ventricle 
and is then forced into the large pulmonary 
artery, This divides into a right branch, 
leading to the right lung, and a left branch, 
leading to the left lung. Each branch subdi- 
vides into smaller arteries and arterioles. At 
last the blood enters a network of capillar- 
ies. These capillaries surround the alveoli, 
or air spaces, in the lung. As blood travels 
through the capillaries, it gives up a load of 
carbon dioxide. It also releases water to the 
outer air in the form of water vapor. At the 
same time the blood receives a fresh load of 
oxygen, 

From the capillaries of the lung, blood 
flows into small veins, or venules, and from 
these into larger ones. It makes its way at 
last into the left auricle through four large 
pulmonary veins. Finally blood flows into 
the left ventricle, from which it spurts out 
into the aorta. It takes the blood only about 
a minute to make a complete circuit of the 
body. 


HEARTBEAT 


Medical science has not yet found out 
what causes the heart to beat, We do know, 
however, how impulses are transmitted 
within this organ. They arise in a small 
bundle of tissue, called the Sinoauricular 
node, or sino-atrial node, which is located 
in the upper part of the right auricle. The 
impulses sent out by this node form what is 
called a wave of excitation. This spreads 
through the right and left auricles, causing 


Major blood vessels in the circulatory system. 
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The excha jf materials be- 
tween the d and body tis- 
sues takes in the capillar- Lymphatic 
ies. Oxygen passes from the capillaries 
AR through capillaries to 
ody cells. Waste products pass i 
from body through capil- Lymphatic 
laries to ve ymphatic capil- node 
laries pick luid found be- 
tween body is and pass it on 
to the large ssels of the lym- 
phatic syst 
Lymphatic 
vessel 
their muscle fibers to contract. The wave of 
excitation reaches a second node— the au- 
riculo-ve) ‘cular, or — atrio-ventricular, 
node — in the upper part of the wall between 


the two ventricles. The impulses are then 
relayed by way of a bundle of tissue to a 
fiber network, known as the Purkinje sys- 
tem. This network transmits the impulses to 
the muscle fibers of the ventricle and causes 
them to contract, releasing blood to the ar- 
teries. 

Certain electrical changes accompany 
the wave of excitation spreading through 
the heart. The blood and tissue fluids are 
good conductors of electric current. There- 
fore changes in electric potential arising in 
the heart are carried to all parts of the body. 
Their pattern is recorded in the form of 
waves in the device called the electrocar- 
diograph. By analyzing the waves recorded 
by the electrocardiograph, the physician 
can obtain valuable information about the 
condition of the heart. 

_ The heartbeat is not initiated by the 
action of nerves, but it is affected by two 
sets of nerves arising in the medulla oblon- 
gata, a part of the brain. These are the va- 
gus nerves and the accelerator nerves. 


Small vein 


They both belong to the autonomic nervous 
system. The vagus nerves act as brakes. 
They slow up the heart and reduce the 
strength of its beats. The accelerator 
nerves, on the contrary, speed up the heart 
and increase the strength of the heart beats. 


PULSE 


With each heartbeat, a pulse wave 
spreads all over the arterial system. The 
succession of waves can be felt as a series 
of taps or thuds if the finger is pressed light- 
ly over any large artery. To count the num- 
ber of heartbeats per minute or fraction of a 
minute, the physician generally presses on 
the radial artery, which passes through the 
wrist. 
The pulse rate varies greatly in individ- 
uals. The average rate for adults who are 
relaxed mentally and physically is from 65 
to 70 in men and from 70 to 75 in women. It 
is much higher in babies. The count slows 
up somewhat in sleep. It soars when a per- 
son works hard or becomes greatly excited, 
The count may reach 200 per minute. Vari- 
ous bodily conditions, such as surgical 
shock, hemorrhage, and fever also cause a 
marked increase in the pulse rate. 
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A physician applying a stethoscope to 
a person's chest can generally hear two 
sounds as the heart beats. The first is softer 
and lower in pitch than the second, and it 
lasts longer. It suggests the syllable lub. 
The second sound — something like dup—is 
short and sharp. The two sounds occur in 
quick succession and are followed by a 
slight pause. The physician listening to the 
stethoscope hears something like lub-dup — 
lub-dup —lub-dup. 

The lub sound is really made up of two 
sounds that merge. One of these represents 
the vibrations that arise as the muscle fibers 
of the heart contract. The other accompa- 
nies the closing of the valves between the 
auricles and the ventricles. The dup sound 
is produced by the vibrations caused by the 
closing of the aortic and pulmonary valves, 
Since both the /ub and dup sounds result, in 
part at least, from the action of the heart 
valves, the sounds will be distorted if any- 
thing is wrong with the valves, The stetho- 
scope, therefore, is valuable in detecting 
and diagnosing various types of heart dis- 
eases. 

Sometimes a third sound is heard. It 

follows the dup sound and is very faint. 
According to one theory it is due to the rap- 
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heart has stop; beating or is 
beating very atically. The 
beats will be r ered on the 
screen. 

Assistance Publique, Paris 

id flow of blood from the auric! to the ven- 

tricle. Some authorities hold that it repre- 

sents a set of “after vibrations '—a sequel 

to the vibrations heard as the dup sound is 


produced. 
BLOOD PRESSURE 


As blood is ejected from the left ventri- 
cle into the aorta, there is an increase in 
blood pressure — that is, the pressure of the 
blood upon the walls of the blood vessels. 
After the ventricle has started to relax, the 
pressure falls. The highest point in the pres- 
Sure range is called the systolic pressuri a 
The lowest point in the pressure is cll 
the diastolic pressure. There is a gradual 
decrease in pressure as blood cre” 
from the arteries to the capillaries ani 
from the capillaries to the veins. At the ve- 
nae cavae, the two large veins that empty 
into the right auricle, the pressure is rela- 
tively slight. 

To take a person’s blood pressure, the 
physician generally measures the pre 
in a large artery of the arm—the brachia 
artery. An instrument called a sphygmo- 
manometer is used for this purpose. A CU 
containing an airtight bag is wrappe 
around the upper arm. Two rubber tubes 


lead from the bag. One of them is connect- 
ed to a rubber bulb. The other leads to a 
manometer, a U-shaped glass bulb contain- 
ing mercury (Hg). One of the uprights of the 
Uis fixed to a millimeter scale. 

The sician inflates the cuff by 
bulb. Increasing pressure with- 


pressing 

in the cu‘? causes the mercury to rise in the 
part of the manometer that is attached to 
the millimeter scale. The physician contin- 
ues to pump air into the cuff until the pulse 
at the wrisi disappears. This means that no 
blood is passing in the brachial artery below 
the cuff. He then applies a stethoscope to 
the artery just below the cuff. The air pres- 
sure in the cuff is reduced as the physician 


opens a y iive on the tubing near the bulb. 
As soon as blood begins to move again in 


the artery below the cuff, a tapping sound is 
heard. 

A reading is now taken. The physician 
notes the height of the mercury column in 
the glass tube. This reading represents the 
systolic pressure. 

The physician releases more air from 
the cuff, and the pressure is lowered still 
more. 7 sound of the blood flowing 
through the artery becomes louder. Then it 


dwindles to a murmur and finally stops en- 
tirely. A reading is taken just before the 
sound disappears. This reading is the dia- 
stolic pressure. 

In the young adult, the average systolic 
pressure is 120 mm. Hg. The average dia- 
stolic pressure is 80 mm. Hg. There are, 
however, pretty wide variations in blood 
pressure among healthy persons. Any sys- 
tolic pressure over 140 or diastolic pressure 
over 100 is considered abnormal. This con- 
dition is called hypertension, or high blood 
pressure. In some persons, the blood pres- 
sure is lower than normal. Such persons are 
said to have low blood pressure, or hypo- 
tension, 


HEART DISORDERS 


_ The heart is subject to a great many 
disorders. Disease affecting the heart 


Researchers have developed various types of artifi- 
cial hearts. During cardiac surgery. the blood is 
Pumped through a mechanical device that oxygen- 
ates it. 


ARTIFICIAL HEART 
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claims more lives annually than any other 
type of disease. Many disorders of the heart 
are due to changes brought on by old age. 

When the heart cannot maintain effec- 
tive circulation of the blood during rest or 
mild exercise, the condition called heart 
failure results. It is often due to defective 
valves. 

If the valves do not function proper- 
ly, the heart will have to perform more 
work to keep the blood circulating proper- 
ly. The heart muscle will then become 
thicker, a condition called hypertrophy. 
The heart may be able to compensate in 
this way for the defective valve or valves. 
The sufferer may remain in fairly good 
health for years. In time, however, the 
heart will no longer supply enough oxygen 
for the tissues. 

Heart failure may be due to various 
other causes. It may result, among other 
things, from infections of the respiratory 
tract, excessive exercise, lung disorders 
accompanied by violent coughing, and too 
rapid heart action. 

The first symptom of heart failure may 
be shortness of breath during mild exercise. 
Later, there is rapid pulse, swelling of the 
legs, especially around the ankles, cough- 
ing, and general weakness. The venous 
pressure rises. Cyanosis may develop— 
that is, the surface of the body may become 
blue because of the lack of oxygen. The 
liver and spleen may become enlarged. 

Various drugs are used to relieve suf- 
ferers. Among the most effective is digitalis. 
This drug stimulates the failing heart, im- 
proves the circulation, and relieves other 
symptoms of heart failure. 


SOME ARTIFICIAL VALVES 


Ball (Starr-Edw 


i{nagel) 

Defective valves are a major cause art disease. 
Above, several types of artificial val ised in the 
treatment of some types of heart di 

Coronary disease affects the coronary 
arteries, which supply the heart muscle 
with blood. These arteries n become 
clogged up. In this condition, c iled ather- 
osclerosis, the middle layer of the artery 


degenerates. There is an ov rgrowth of 
fibers in the innermost layer, : calcium 
deposits form along the walls. The clogging 
up of the coronary arteries is a gradual pro- 
cess. Often, as one of these arteries is nar- 
rowed, new blood vessels develop in the 
tissues and help supply the heart. 


hee Section of a healthy artery (left) is compared with an artery in which atherosclerotic deposits 


rmed on the lining (middle) and an artery that is nearl 


WA 2 nE EIN 
i f 


y clogged with deposits (right). 


American Heart Association 


Sometimes the clogged-up arteries 
may close entirely as the result of a sudden 
spasm. I brings on angina pectoris, 
which me ‘pain in the chest,” in Latin. 
Angina pectoris occurs in the region of the 
heart. Often it spreads to the left shoulder 
and dow | the left arm. Sometimes angina 
pectoris is caused by an insufficient supply 
of oxygen he tissues. In such cases, the 
coronary əries may be quite normal. 
Angina í is relieved by various 
drugs, ink ng amyl nitrite and nitrogly- 
cerine. 

In the disease called coronary throm- 

bosis, a | | clot forms in one part of the 
coronary eries, shutting off part of the 
blood su to the heart muscles. There is 
pain, which lasts much longer than the tem- 
porary pein of angina pectoris. Coronary 
thrombo: often fatal. However a suffer- 
er may survive several attacks. 
; In a coronary embolism, a blood vessel 
is suddenly plugged up by a blood clot that 
has broke» loose from some other part of 
the body ənd that has been transported to 
the coronary arteries in the blood stream. 

In the disorder called auricular fibrilla- 


tion, the beat of the auricle is rapid and en- 
tirely irregular. Auricular fibrillation results 
from rheumatic fever and certain other dis- 
eases. It is relieved by the drug quinidine, 
which causes the heart muscle to lengthen 
the period between beats. Digitalis is also 
effective in treating this condition. 

Some children are born with various 
defects of the heart. The pulmonary valve, 
between the right ventricle and the pulmo- 
nary artery, may be too small. There may be 
ahole between the wall separating the right 
and left auricles or the right and left ventri- 
cles, or there may be an abnormal connec- 
tion between the pulmonary artery and the 
aorta. Some congenital conditions can of- 
ten be corrected by surgery. 

Blood circulation will be affected if the 
arteries or veins are attacked by disease. 
The aorta may become infected or, in a per- 
son who has had high blood pressure for 
Many years, permanently dilated. If the 
Hy of the aorta are weak, they may rup- 

re, 

The middle-sized arteries are particu- 


CAPILLARIES AND LYMPHATIC VESSELS 


Open valve 
Closed valve 


Lymphatic capillaries lead to larger lymph vessels 
that have valves that direct the flow of lymph away 
from the capillaries. The inset shows the valves ina 
lymph vessel. 


larly apt to be affected by arteriosclerosis. 
As we saw, this condition is particularly 
dangerous when it develops in the coronary 
arteries. Arteriosclerosis also attacks the 
smallest arteries, the arterioles. It cuts 
down the flow of blood and increases blood 
pressure. 

Perhaps the most familiar disorder 
involving the veins is the condition known 
as varicose veins. It most often occurs in 
the lower limbs, though it is found else- 
where. It is brought about when some ob- 
struction or other impedes the return of the 
venous blood to the heart. Varicose veins 
may be caused by tumors within the abdo- 
men, by enlargement of the liver, by preg- 
nancy, or other conditions. The veins be- 
come swollen. The valves of the veins fail 
to work properly. Ulcers may form. In ex- 
treme cases the veins may burst. 

Varicose veins may sometimes be 
cured by removing the cause of the obstruc- 
tion. Treatment often consists of rest ina 
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LYMPHATIC 


THE CIRCULATORY SYSTEM 


Large 
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reservoir) 
of Pecquet 


horizontal position, bathing ‘he affected 
limb in cold water. Sufferers feom phlebitis 
may find relief by wearing a bandage, or a 
laced stocking, or a snugly ing elastic 
stocking. In advanced cases it ay be nec- 
essary to remove the obstructed portion of 
a vein. 

Phlebitis, or inflammation ©: the veins, 
is a serious disorder. It may result from a 
wound or abscess outside of vein. In 
certain cases the inflammation ises within 
the vein, because a clot has formed on the 
inner wall. Parts of the inflame: ‘issue may 
break off. They may be cari to other 
parts of the body by the blood circulation, 
causing similar inflammation ©!sewhere. 
The inflammation may cause « vsin to be 
entirely stopped up. Death may result if a 
large vein is affected in this way To treat 
this condition, medicines that counteract 
inflammation are prescribed. The patient is 
kept perfectly still, with the aiected part 
raised. Abscesses within reach ars opened. 
Fresh dressings are frequently \pplied to 


wounds, 

Some persons with hypertension may 
lead quite normal lives. In other cases this 
s. The 
the walls 


work required of the heart may lead to a 
Serious case of heart failure. 

Among the symptoms of hypertension 
are general weakness, headache, shortness 
of breath, palpitation of the heart, and irri- 
tability. Hypertension may be a symptom of 
a disease, such as goiter or arteriosclerosis. 
In that case the disease must be treated to 
bring about relief. If high blood pressure is 
not connected with any other disorder, re- 
laxation, sedatives, and salt-free diets are 
used in treatment. The diet recommenda- 
tion is included since a high salt content 


Lymph vessels carry lymph from the capillaries 
through the body until it joins the circulatory SYS- 
tem, flowing into the subclavian and left jugular 
veins in the neck region. 


diet is believed to play a role in hyper- 
tension. 


Perso: with hypotension generally tire 
quickly. In evere cases, the sufferer’s diges- 
tion is affected. His hands and feet become 
cold. He | to feel dizzy when he gets up 
suddenly r lying down. In most cases 
persons v hypotension get along very 
well if the irn not to tax their strength. 


Hemorrhage, or bleeding from arteries 
her within or outside of the 


or veins, ‘ 

body, is a’ ays dangerous. If more than 30 
per cent ©: <o of the blood volume is quick- 
ly lost, de»: will result unless blood trans- 
fusion take» place. If the amount of blood 
lost is not ©» cessive, the body can generally 
repair the damage fairly rapidly. 


It is usually easy to tell whether the 


blood cones from an artery, vein, or capil- 
lary. If it is from an artery, it escapes in 
spurts an .s bright scarlet in color. Blood 

s darker and flows more slowly. 


froma vein 


It wells at the site of a wound. If the 
blood i »m capillaries, it oozes slowly 
and quickly clots. 

LYMPHATIC SYSTEM 


_ The so-called lymphatic system, found 
in all parts of the body, is intimately con- 
nected with the blood circulation. The /ym- 
phatic system is made up of a series of 
ducts—the /ymph vessels—and it carries a 
fluid called lymph. 

_ Lymph resembles blood plasma, the 
liquid part of the blood. Its protein content, 
however, is much lower. Lymph is derived 
from the tissue fluid that occupies the space 
between cells in body tissues. Not all of this 
fluid enters the lymph system. Some of it 
passes into the capillary network of the 
blood circulation and is carried along 1n 
the veins until it reaches the heart. It is 
transported, therefore, in the regular venous 
System. 

The lymphatic system begins in the 
lymphatic capillaries, through which tissue 
fluid passes. These ducts differ in several 
respects from the ordinary capillaries of the 
circulatory system. Lymphatic capillaries 
are not connected, of course, to a system 0 
ordinary capillaries. The lymphatic capil- 
laries lead to larger lymph vessels. These 


larger lymph vessels have valves that direct 
the flow of lymph away from the capillaries. 

The largest ducts of the system empty 
the lymph into certain large veins of the 
neck—the left subclavian and the left 
jugular veins. Here the lymph merges with 
the blood stream. 

Most of the larger lymph vessels have 
enlarged oval- or bean-shaped structures, 
called lymph nodes, at intervals along their 
course. These are concentrations of lymph 
nodes in the neck, armpits and groin. 

Lymph nodes consist of a meshwork of 
connective tissue, packed tightly with 
lymphocytes and phagocytes. Lympho- 
cytes are white blood cells. Phagocytes 
are cells that attack and engulf invading 
organisms. Lymph must pass through the 
intricate meshes of the nodes as it proceeds 
to the subclavian veins. 

The nodes act as effective filters, They 
entrap various particles of matter, including 
bacteria, and therefore remove them from 
the blood stream. Bacteria caught and held 
in the meshes are destroyed in great num- 
bers by the phagocytic cells. The lymph 
nodes, therefore, represent an important 
line of defense against germs that have per- 
etrated the blood stream. Lymph nodes 
manufacture great numbers of lympho- 
cytes. These cells are responsible for the 
production of antibodies, which help pro- 
tect the body against disease. 

Of course, since germs are enmeshed 
in the lymph nodes, they will collect there 
in great numbers in the event of a serious 
infection. The phagocytic cells may not be 
able to dispose of them effectively enough, 
The result may be a local infection at the 
nodes. For example, if the throat is infect- 
ed, the lymph nodes of the neck may swell 
and become tender. The doctor, therefore, 
examines the nodes in such cases to find 
out how severe the infection is and how 
widely it has spread. 

The lymph system plays an important 
part in the spread of cancer throughout the 
body, carrying cancerous tissue from a 
malignant growth to a different spot in the 
body. For this reason lymph nodes near a 
cancerous growth are often removed when 
cancer surgery is performed. 


THE CIRCULATORY SYSTEM 


219 


THE RESPIRATORY SYSTEM 


Oxygen is necessary for all body func- 
tions. Cells obtain most of their energy 
from chemical reactions involving oxygen. 
These chemical reactions are the burning 
of the fuels we call food. 

In lower animals, such as the ameba, 
oxygen simply diffuses through the cell 
membranes. In higher animals that have 
a complex multicellular organization, this is 
not possible. Instead, higher animals have 
particular structures specialized to capture 
oxygen. In humans and many other higher 
animals, these specialized organs are called 
lungs. The lungs take in oxygen from the 
air. Some other animals have different or- 
gans — gills — that take oxygen from water, 

The process by which the lungs take in 
oxygen is respiration, or breathing. In 
humans, several other organs besides the 
lungs also function in respiration. These 
organs make up the respiratory system. The 
respiratory system also functions to rid the 
body of waste products—mainly carbon 
dioxide. 

The process of taking in air into the 
body is called inspiration, or inhaling. Re- 
leasing air and accumulated carbon diox- 
ide from the body is called expiration, or 
exhaling. 

The major parts of the respiratory sys- 
tem are the nose, the trachea, the bronchial 
tubes, and the lungs. 


AIR ENTERS THE SYSTEM 


Air is inhaled through the nose or the 
mouth. 

Nose. Numerous hairs at the entrance 
to the nostrils keep out some of the parti- 
cles of dirt or other foreign matter that 
otherwise would be inhaled, Other particles 
are kept from the lungs by tiny hairlike 
structures, called cilia, which cover the 
mucous membrane of the nose. These cilia 
Suggest a rippling field of wheat in a mild 
breeze. They move in waves, much as the 
stems of wheat plants move when a breeze 
strikes them. As they undulate, the cilia 
whip particles of foreign matter toward the 
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pharynx, where we can get ric them by 
clearing the throat. 

The mucous membrane «í > nose is 
always moist and gives up som its mois- 
ture to the air that is inhaled. T fore this 
air is moistened and also warmed before it 
enters the lungs. 

Mouth. When we breathe ugh the 
mouth, we inhale some of particles 
of foreign matter that would ve been 
eliminated in nose breathing addition, 
the air is not sufficiently warme.) before it 
enters the lungs. There are tim t is true, 
when mouth breathing is ne sary, as 
when the nasal passages are closed because 
of inflammation of the mucous »embrane. 
But under normal conditions, should be 
drawn in not through the mouth through 
the nostrils. 

Pharynx and larynx. After it has gone 
through the nose, the air passes freely 
through the pharynx and then through the 
larynx, in which the vocal cords ¿re located. 
Just before entering the larynx, it crosses 
the path of food and drink to the esophagus. 


If food particles bound for the esopha- 
gus penetrated into the larynx, the results 
would be serious. Fortunately, this rarely 
happens. As we swallow, all the possible 
pathways for food, other than the esopha- 
gus, are closed off by muscular contrac- 
tions. Of course, if we inhaled at the very 
same time that we swallowed food, certain 
food particles would almost certainly be 
forced into the lungs. But the swallowing 
mechanism is so geared with the breathing 
mechanism that this is almost impossible. 
The sensory nerves that bring about the 
swallowing movements send impulses at 
the same time to the respiratory nerve cen- 
ter, preventing inhalation. Another safe- 
guard is also provided. With each swallow- 
ing movement, the larynx is lifted upward. 
This brings it under the base of the tongue. 
A structure called the epiglottis is then 
Pressed against the opening to the larynx, 
forming a sort of closed lid. k 

nce in a while, it is true, a food parti- 


own the wrong way and will 


cle will 
make its into the air passages. It may 
partially otally obstruct breathing. If a 


person | s to choke on food, a simple 


techniqu ght in first-aid courses will dis- 
lodge the | from the air way. Rarely are 
surgical cedures necessary. If food 
somehow ered the lungs, it may cause 
serious i ion, since it is probably con- 
taminate h bacteria. 

The tion of the larynx at the very 
entrance the windpipe and the narrow 
gap bety the vocal cords is an adapta- 
tion for ‘h. It has nothing to do with 
the norm «| orocess of breathing. Of course, 
breathin; exceedingly important in the 
product 1’ sound, since the passing of 
air thr the larynx causes the vocal 
cords te ate. 

AIR PA‘ INTO THE LUNGS 


Ai ses through the pharynx into 


the trach+2 and from there into the bronchi 
and the gs. 

Trachea. The windpipe, or trachea, isa 
tube ab ten centimeters long, on the 
average. It lies partly in the neck and partly 
in the chest cavity, or thorax. Unlike the 
esophagus, whose walls are in constant 
contact except when food is passing down, 


the trachea is kept open at all times. For 
this purpose, its walls are stiffened by rings 


Below: the pathways of food and air cross each 
other in the human body. To indicate the passages 
more clearly, the drawing has been distorted and 
the larynx omitted. 


of cartilage. We can easily feel some of 
these rings in the neck, just below the 
larynx. The tube is lined internally with tis- 
sue containing great numbers of cilia. These 
whip upward any fluids or foreign particles 
that have entered the trachea, particularly 
as a result of mouth breathing. 

Bronchi. The trachea branches off into 
two tubes, called bronchi, running to the 
lower back part of each lung. There is a left 
and a right bronchus, corresponding to the 
left and right lung, respectively. 

Lung. In the lung, the bronchi divide 
into smaller tubes, called bronchial rami. 
The rami branch off into still smaller tubes, 
known as bronchioles. Finally, the bron- 
chioles end in clusters of air sacs—the 
alveoli. These sacs have exceptionally thin 
walls, consisting of a single layer of cells. 
The alveoli always contain a certain 
amount of air. 

In addition to the bronchial tubes and 
the alveoli, the lungs contain a great many 
blood vessels —arteries, veins, and capillar- 
ies. The arteries carry blood away from the 
heart, while the veins carry blood to the 
heart. The capillaries form a network be- 
tween the arteries and the veins. The capil- 
laries of the lungs surround the alveoli. 


Two views of the vocal cords, which stretch across 
the cavity of the larynx. In ordinary breathing, there 
is a fairly wide space, triangular in shape, between 
the cords (A). Whenever we speak, sing, or make a 
noise, the cords are adducted, or drawn together, 
as in B. They vibrate to produce the sound. In high- 
pitched sounds, the space between them becomes 


a narrow slit. 
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Their walls, like those of the alveoli, consist 
of a single layer of cells. Seale 

There is a great deal of connective tis- 
sue in the lung, giving these organs an elas- 
tic quality that, as we shall see, plays an 
important part in breathing. The lungs are 
also provided with an extensive and com- 
plex nerve system. 


MECHANICS OF BREATHING 


The breathing apparatus consists not 
only of the air passages and the lungs but of 
various muscles in the body. To understand 
the mechanics of breathing, we should re- 
member that the lungs are enclosed within 
the chest cavity. The sides and dome of this 
cavity are formed by the chest wall, which 
is strengthened by the ribs. Below, the 
chest cavity is bounded by a large dome- 
shaped muscle known as the diaphragm. It 
is attached at the back to the lower ribs and 
backbone and in front of the breastbone. 

Drawing air into the lungs may be 
compared to sucking air into a pair of bel- 
lows by pulling the two handles of the de- 
vice apart. When the diaphragm is pulled 
downward toward the abdomen and when 
the ribs are pulled upward and outward, the 
volume of the chest cavity is increased. Air 
is then drawn into the lungs through the 
force of atmospheric pressure, and they 
become fully distended. In expiration, the 
muscles that brought about inspiration re- 
lax and the diaphragm rises to its former 
position. The natural elasticity of the lung 
tissue then causes the lungs to contract, 
expelling air. As soon as you have exhaled, 
the lungs, without any effort on your part, 
will draw in a certain amount of air. The 
chest will then be in a neutral position—an 
intermediate stage between the inhaling and 
exhaling positions, 

The two complementary phases of 
breathing — inspiration and expiration— are 
repeated about eighteen times a minute as 
long as we live. Respiration is an essentially 
automatic process. It continues even during 
the deepest sleep. 


ARTIFICIAL RESPIRATION 


When breathing stops, life can be sus- 
tained by artificial respiration, which may 
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In respiration, or breathing, oxyags 
the cell or cells, combustion takes 
bon dioxide is expelled. The one 
above, breathes through the entir 
body. Oxygen enters the cell and 
Passes out of it. 
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PITTI 


The earthworm (above) is far mc iighly de- 
veloped than the ameba. Yet in this animal, too, the 
whole surface of the body takes part breathing. 
To ensure the absorption of air by the b 
respiratory surface must be moist. If t 
exposed to sunlight, the skin becomes 
and the animal dies. 


hardened, 


The breathing mechanism of insects is more effec- 
tive than that of earthworms. Air enters through 
openings called spiracles (A) into a series © 
tubes—the tracheae (B). From there the air goes 
into the main tubes (C) running along the body: 
Various branches lead from these vessels to every 
Part of the insect’s body. 
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Above: diagram showing important parts of 
respiratc stem. Air passes through the 
nasal or oral cavity, the pharynx, and the lar- 
ynx into the trachea. This branches off into a 
Seapets bronchus, corresponding to the HIGHLY MAGNIFIED VIEW OF 
and right lung. In the lung, each bron- 

chus divides into bronchial taint The rami BRONCHIOLE AND ALVEOLI 
branch off into bronchioles. The latter end in 
the alveoli, which are air sacs, supplied with 
capillaries, At the right is a highly simplified 
Presentation of what happens in respiration. 
Oxygen contained in inhaled air diffuses 
through the walls of the capillaries in the 
lungs and passes into the blood stream. It is 
carried to the arteries and from the arteries 
to capillaries in all parts of the body. Diffus- 
ing through the capillary walls, it passes 
through the tissue fluid and from there to the 
body cells. Carbon dioxide (CO,) passes 
from the cells to the tissue fluid and from 
there to the capillaries. It is then carried in 
the blood stream to the veins and ultimately 
makes its way to capillaries in the lungs. Dif- 
fusing out of the capillaries, much of it is 
expelled from the lungs when we exhale. 
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The mechanics of breathing. The movement of air into and 
due to alternate expansion and contraction of the chest ca\ 
action of bellows. When the diaphragm is pulled down and | 
here) are drawn upward and outward, the volume of the ches! 
(A). Air is then drawn into the lungs through the force of atm 
just as it is sucked into the bellows whenever the handles are 
muscles that caused the diaphragm to be lowered then rela 
diaphragm rises and the rib cage moves inward and downwar 
the chest cavity is decreased, as shown in B. This correspon 
handles of the bellows closer together. The lungs now cont 


the lungs is 
ggesting the 
(not shown 
y is increased 


ric pressure, 
>d apart. The 
a result, the 
he volume of 
bringing the 
snd expel air 


Containing carbon dioxide and other wastes. 


be carried on manually or mechanically. In 
emergencies, usually a manual method is 
necessary, although police, fire, and rescue 
workers are generally equipped with me- 
chanical means for providing artificial respi- 
ration. In applying manual artificial respira- 
tion, one either blows directly into the lungs 
of the victim through the mouth or nose, or 
else one alternately compresses and ex- 
pands the chest. 

Artificial respiration can also be ap- 
plied over long periods of time. This be- 
comes necessary when the muscles of res- 
piration are paralyzed. One of the best 
known of the long-range respiration devices 
is the Emerson respirator, which is also 
known as the iron lung. It consists of a 
metal cabinet, to which is attached a pump 
that changes the quantity and pressure of 
the air within the cabinet. The patient lies in 
the respirator, with only his head outside of 
it. A rubber collar around his neck prevents 
the escape of air from the iron lung. 

The air pressure in the cabinet is first 
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lowered, causing the patients chest to po 
pand. Air then enters the lungs by way 0 
the nose or mouth. As cabin: 1ir-pressure 
is increased, the natural elasticity of ie 
chest causes it to decrease in volume, PT 
the patient exhales. Under some condi- 
tions, the chest can be compressed by forc- 
ing more air into the cabinet, thus bringing 
about more adequate ventilation of k 
lungs. Air is alternately withdrawn from t 3 
respirator and admitted into it from fiftee 
to thirty times a minute. , io 

A portable type of respirator has a 
been developed. This device has no cal i 
net. It consists of a dome-shaped breat 
plate, which is attached to the chest am 
connected to a pump. j 

Usually, there is some improvement © 
the muscles used in respiration after i 
disease has run its course, and the Ser 
can often dispense entirely with the re A 
tor. In certain extreme cases, honeko ‘a 
Patient must rely on this type of artilc 
respiration as long as he lives. 


AIRTIGHT CHAMBER 


How the iron lung works. Th 
ber with the head outside an 


Adapted from a diagram supplied by Warren E. Collins, Inc. 


e body of the patient is enclosed in an airtight cham- 


d sealed around the neck by a collar. Whenever the 


bellows is moved down, the air pressure in the chamber (originally at normal 


atmospheric level) is low 
greater pressure relative to the pressure in t 
ungs by way of the nose or mouth. When the bellows is moved 


ssure in the iron lung is increased. The patient accordingly ex- 
hrough the muscular recoil of his chest wall. Pressure to assist 


flows into the | 
upward, the pre: 
hales passively t 


ered. The air around the head of the patient is now at 


he chamber. Atmospheric air then 


in exhalation may be applied. 


GAS IN THE LUNGS 


_ The essential part of external respira- 
tion consists of the exchange of gases in the 
lungs. The blood that passes through the 
lungs gives up carbon dioxide—a waste 
product of combustion—to the lungs and 
receives oxygen, which is necessary for 
combustion in the body tissues. The ex- 
change of oxygen and carbon dioxide takes 
place between the alveoli and the capillar- 
ies by the process of diffusion. 

In this process, molecules tend to pass 
from an area where they are highly concen- 
trated to an area where the concentration is 
not so high. As they diffuse in this way, the 
molecules of oxygen or carbon dioxide pass 
freely through the walls of the capillaries 
and the alveoli, which, as we saw, are ex- 
ceedingly thin. 

The blood that has come to the heart 


from the veins has passed through the pul- 
monary artery into the capillaries. Since the 
carbon dioxide in these capillaries is highly 
concentrated, it diffuses into the alveoli. On 
the other hand, the oxygen that is so plenti- 
ful in the alveoli diffuses through the walls 
of the capillaries to the interior of these tiny 
blood vessels. 

After the carbon dioxide from the cap- 
illaries has made its way into the alveoli, 
much of it is withdrawn from the lungs as 
we exhale. When the diffused oxygen has 
passed into the capillaries, it unites with the 
hemoglobin of the red blood cells. This 
hemoglobin becomes the oxygen-carrying 
factor. The blood, now enriched with a 
fresh supply of oxygen, passes through the 
pulmonary veins into the left auricle of the 
heart and from there into the left ventricle. 
It is then pumped through the arteries to 
the tissues of the body. 
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QUANTITY OF AIR INHALED AND 
EXHALED 


With every single quiet breath, a per- 
son inhales and then exhales a quantity of 
air measuring about 500 cubic centimeters. 
If you breathe in as deeply as possible and 
then blow out as hard as you can, the 
amount of air exhaled is known as the vital 
capacity. This is measured by means of a 
sort of tank, called a spirometer. For a man 
of average size and in average health, the 
vital capacity is about 3.5 liters. It is above 
average in the case of athletes. It is seri- 
ously reduced in certain diseases, such as 
heart failure, tuberculosis, and pneumonia. 

Notall the oxygen that is inhaled pass- 
es into the blood stream. A good deal of it 
remains in the larger air passages in the 
lungs, where there is practically no ex- 
change of gases. This unused oxygen is la- 
ter forced out of the lungs together with 
carbon dioxide. 


CARBON DIOXIDE STIMULATES 
BREATHING 


Of the carbon dioxide carried in the 
blood, a certain amount is not exhaled but 
remains behind in the bronchial tubes. At 
the beginning of the next breath, some of 
this carbon dioxide will be drawn into the 
lungs, together with oxygen derived from 
the outer air. This is not so great a calamity 
as it might appear to be. 

It is true that carbon dioxide is the 
chief waste product carried in the blood 
stream. If it is allowed to accumulate indefi- 
nitely, death will result, because carbon 
dioxide prevents combustion from taking 
place. 

In the human body, carbon dioxide is 
dangerous only when the excess of this gas 
is not removed. As a matter of fact, the 
presence of the gas has a stimulating effect 
upon respiration. It is the chief factor in 
keeping up a constant cycle of breathing. 
For example, if certain nerves that control 
the automatic part of breathing are cut, res- 
piration becomes somewhat slower and 
deeper, but it will continue to be automatic 
and it will suffice to maintain life. Obvious- 
ly, something else besides nerve responses 
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is involved here. That “somethin: else” is 
the presence of the carbon dioxice that has 
not been expelled from the lungs 

This has been demonstrated : several 
ways. As we have pointed out, the air that 
we breathe contains only a sligh: ‘race of 
carbon dioxide—about 0.03 pe: it. But 
suppose a person is made to >. athe air 
containing 3 per cent of this g: le will 
inhale twice as much air as usual tead of 
the normal amount of eight liter ‘r min- 
ute, he will inhale sixteen liters | ninute, 
If he breathes air containing 6 | cent of 
carbon dioxide, he will draw soms ing like 
six times the normal volume of ito his 
lungs every minute. 

The influence of carbon ide on 
breathing can be shown in an ı more 
dramatic way. Suppose that person 
breathes rapidly and deeply, say rty times 
a minute, for five minutes, and ‘hea takes 
his mind off the breathing process for the 
next few minutes. An observ¢ ll note 
that the subject will stop breathi», for two 
minutes or thereabouts. He ma» become 
rather blue in the face before esumes 
the breathing process. He wil! probably 
gulp in the air spasmodically re the 
normal respiratory rhythm is stored. 
Sometimes he will not resume breathing 


and will collapse. What has happened? By 
his forced breathing, the subject has re- 
moved so much carbon dioxide ‘rom his 
body that very little of it is left to stimulate 
respiration. The excessive breathing that 
brings on this condition is called /yperven- 
tilation. 

Apparently carbon dioxide affects 
breathing by acting upon the respiratory 
nerve center. As carbon dioxide accumu- 
lates in this nerve center as well as in the 
other parts of the body, it will stimulate the 
center to action and will result in move- 
ments of the muscles that control the me- 
chanical act of breathing. 


OTHER BREATHING STIMULI 


_ There are various other stimuli to res- 
piration. Impulses arising in the skin appar- 
ently have a definite effect upon the breath- 
ing process. Such impulses account for the 
first breath that a baby draws when it is 


born. Usvatty, as soon as the infant emerg- 
es from the mother’s body, the stimulus of 
the cold outer air upon its naked skin makes 


it gasp muc’ as you would gasp it you were 
plunged under a cold shower. With this 
gasp the breathing cycle starts. Sometimes 
the doctor applies another type of stimulus 
to the ski» breathing does not take place 
as a resul! of the baby’s contact with the 
outer air. He spanks the infant a few times, 
and often breathing will follow as a con- 
sequence. 
OXYGEN “EFICIENCY AND RESPIRATION 
The suantity of carbon dioxide in the 
blood sir. am is not the only factor that will 
alter the »reathing rate appreciably. Respi- 
ration aiso becomes more rapid if the 
amount» oxygen in the blood is noticeably 
diminisi For example, as we rise above 
sea leve!. the air becomes thinner and the 
number of oxygen molecules diminishes. 


lungs, 


muscle— 


of the thoracic cage changes as wi 
y expand, enlarging the chest cavity. 
ward and the ribs are pulled outward and upward. 


: ENCE IN THE VOLUME 


Consequently less oxygen is drawn into the 
lungs with each breath. The respiratory 
nerve center becomes aware of the result- 
ing scarcity of oxygen in the blood stream 
and sends impulses to the appropriate mus- 
cles in order to speed up the respiratory pro- 
cess. Thus it provides the maximum amount 
of oxygen for the essential activities of the 
body. Of course, not even this increased 
rate of respiration will sustain the breathing 
cycle above a critical altitude, which varies 
considerably with different individuals. 
Since oxygen is so vital to life, the 
administration of the gas plays an important 
part in the treatment of diseases of the res- 
piratory and circulatory system in which 
the body’s oxygen supply is imperiled. The 
simplest method of giving oxygen is to pass 
a small rubber tube down the patient’s nose 
and then to force oxygen through the tube. 
The life-giving gas may also be adminis- 
tered in an oxygen tent. An airtight tent, 


e breathe. As air is drawn into the 
The diaphragm is pulled down- 


OF THE RIB CAGE WHILE INHALING 
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BRONCHIAL TUBES 


Alveoli 


Gas exchange in the lungs takes place across the 
capillaries and alveoli. Oxygen passes from the al- 
veoli to the capillaries, which then, through the cir- 
culatory system, supply all the tissues of the body 
with oxygen. Carbon dioxide passes from the capil- 
laries to the alveoli, from which most of itis exhaled. 
In some diseases of the respiratory system, the tis- 
Sues of the lung are destroyed and gas exchange 
cannot take place. 


Bronchioles 


provided with a window, is placed over the 
bed of the patient. Oxygen is bubbled into 
the tent at the rate of approximately eight 
liters per minute, 


NITROGEN'S FATE 


Oxygen and carbon dioxide are not the 
only gases contained in the blood. As we 
Saw, we inhale a good deal of nitrogen with 
every breath. This gas circulates through 
the body dissolved in the blood. Unlike the 
oxygen, it takes no part in the chemical 
changes that take place within the body tis- 
sues. Ultimately it diffuses into the lungs 
and is exhaled. 

The dissolved nitrogen in the blood 
may Cause a great deal of trouble if a person 
has breathed air that is under considerable 
pressure. It may lead to the disease vari- 
ously called compressed-air disease, or 
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decompression sickness, or sson dis- 


ease, or the bends. In a pneumis‘c caisson, 
which is used in underwater wort, the air is 
pumped in under pressure to p:°vent water 
from penetrating. A worker breathing this 
air feels nothing unusual, except that he 
cannot whisper or whistle. e is pain 
occasionally if the Eustachian «be is not 
open. The Eustachian tube connects the 
middle ear with the upper pari of the phar- 
ynx. Under such conditions nereased 
pressure, the blood will take up nuch more 
nitrogen from the lungs than it © culd under 
ordinary conditions. 

If the worker is returned ‘>o speedily 
to normal pressure at the enc the day’s 
work, he may fall victim to the “bends. The 
reduced pressure will cause bubbles of ni- 
trogen to form in the blood. Ti» lood will 
literally fizz like the contents © + bottle of 
soda water when the stoppe removed, 
These bubbles often become lou sed in the 
bone joints, causing pain, cripp ng, or pa- 


ralysis. Sometimes the nitrogen bubbles 


may plug various blood vessels he lungs, 
brain, and heart. The consequeies of cais- 
son disease are serious or fata! unless the 
afflicted person is rushed to # escompres- 
sion chamber, where the low. ing of air 
pressure can take place gradu. y. Divers 
who rise to the surface of the water too 
quickly after working at great depths are al- 
so subject to the bends, so the ascent is 


made gradually, with many decompression 
stops along the way. 


RESPIRATORY DISEASES 


The respiratory system is subject to 
various infectious diseases including the 
common cold, bronchitis, pneumonia, ant 
tuberculosis. The repeated inhalation of 
certain substances such as asbestos and 
coal dust can irritate respiratory passages 
and over a period of time produce serious 
and even fatal diseases. Allergy symptoms, 
particularly those of asthma, also affect 
the respiratory system. Emphysema, 4 
disease in which an abnormality of alveoli 
structure and function develops, is another 
frequent respiratory illness. Cancer of the 
lung is also quite common and is one of the 
leading causes of cancer deaths. 


THE DIGESTIVE SYSTEM 


by Smith Freeman 


The “aman body requires a constant 
supply í od in order to carry on its nu- 
merous vities. All foods have to be 
made sí e and some of them must un- 
dergo ceaiin drastic chemical changes be- 
fore they can be absorbed and assimilated 
in the t s of the body. These all-impor- 
tant tra mations take place in the diges- 
tive trac’, ov alimentary canal. 


The digestive tract consists of a long 


tube th: ns through the body and is ex- 
panded ertain places. It is made up of 
the mo the pharynx (the back part of 
the me \, the esophagus (a tube con- 
necting mouth with the stomach), the 
stomach, the small and large intestines, the 
rectum, aud the anus. Certain glands—the 
salivary vlands, the liver, and the pancreas 
—are situated outside of the alimentary 
canal, but pour their secretions into it 
throug! Jucts. The stomach and the large 
and small intestines form what is called the 
gastrointestinal tract. 


FOOD ENTERS THE SYSTEM 


The digestive process begins as soon 
as food is taken into the mouth. The food is 
chewed and mixed with saliva. Itis reduced 
toa bland and comparatively homogeneous 
mass, which can pass without difficulty 
down the esophagus and into the stomach. 

The flow of saliva is regulated by ner- 
vous stimuli, which may result from the 
sight or smell of appetizing foods. The sali- 
va may be watery and flow freely, or it may 
be relatively scant and thick. Its character 
is determined by the nature of the food that 
is eaten. For example, sour substances Or 
those that require much chewing will evoke 
a greater flow of saliva than foods that are 
bland and moist and that are retained in the 
mouth for a very short time. The normal 
person secretes from one to one and one- 
half liters of saliva daily. Most of itis swal- 
lowed along with the food. The flow of sali- 
va is influenced to some extent by one's 
temperament. 


Saliva contains a substance called 
ptyalin. While food is still in the mouth, this 
substance acts upon the starches that are 
present. It tends to break down the com- 
plex molecules of starches into simpler 
ones. The effect of ptyalin may continue 
inside a ball of food for some time after the 
food reaches the stomach, 

The mixing of food and saliva is aided 
by movements of the tongue, cheek mus- 
cles, and lower jaw. After food has been 
properly reduced, it is propelled backward 
by the tongue, which is then held in contact 


Digestion begins as soon as food enters the mouth 
When food is swallowed, the epiglottis (blue) 
closes off the windpipe, assuring that the food 
passes into the esophagus. 


THE MOUTH AND THE ESOPHAGUS 


Tongue Esophagus 


Stomach 


Spleen 
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with the roof of the mouth. At the same 
time the sot palate closes off the nasophar- 
ynx, the upper part of the pharynx, continu- 


ous with the nasal passages, so that food 
cannot ever the nose. The base of the 
tongue a’ epiglottis help to protect the 
opening to the larynx, which is elevated 
and clos 

The muscles in the back of the mouth 
first relax to receive the bolus, or ball, of 
food. Then the constrictor muscles of the 
pharynx contract and the food is forced into 
the only »vailable opening—the upper end 
of the esophagus, whose muscles are re- 
laxed, 
ESOPHAGUS 

The esophagus is a thick-walled tube, 
whose inner surface is lined with mucous 
membra\c. The wave of contraction in the 
esophayi:s continues just above the ball of 
food. The portion of the esophagus just 
below it relaxes. In this way food is carried 


through the esophagus to the entrance of 
the stomach. A ring of muscle, called the 
cardiac sphincter, is generally drawn tight 
around this opening. Now, however, it re- 
laxes and permits the ball of food to pass 


into the stomach. The cardiac sphincter is 
the first of a series of ringlike sphincters 
that are found in the alimentary canal. 

The same procedure takes place after 
each swallow of food. If the bolus is un- 
usually dry or too large and becomes lodged 
in the esophagus, secondary waves of con- 
traction will arise at the obstruction site. 
The mechanism involved in rapid swal- 
lowing, as when one drinks without pause, 
is different. In rapid swallowing, the entire 
length of the esophagus will relax and re- 
main this way until the very last swallow. 

Only the first part of the act of swal- 
lowing is under voluntary control. The rest 
of the swallowing process takes place inde- 
pendently of our will. That is true also of 
the various processes of digestion and ab- 
sorption that follow. It is not until we delib- 
erately relax certain muscles of the anus in 
the act of defecation, or elimination of 
wastes from the body, that we again con- 
trol the action of the alimentary canal. 


FORM AND STRUCTURE OF THE 
STOMACH 


A certain amount of digestion takes 
place in the stomach. This organ is located 


THE STOMACH 
T AT 
Tae Liver 
The human stomach is usually J- S 
shaped. Its inner lining contains Ñ 
folds, or rugae, which increase Esophagus \\ Fundus 


the surface area of the stomach. 


Cardiac sphincter. 


Body 


Large curvature 
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The liver (above) and the pancreas (below) em; 
their secretions into the duodenum. $ nad 
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in the upper left part of the abdominal cavi- 
ty. In most people it is sha somewhat 
like the capital letter J. In sor however, it 
looks like a reversed capit! L and in 
others like a cow’s horn. 

The part of the stomach ‘ving above 
the opening from the esophas: s is called 
the fundus. The part below the “indus and 
extending to the hook of the J. in J-shaped 
stomachs, is known as the bos The name 
pylorus is given to the rest of t! organ. The 
average capacity of an adult's ©. pty stom- 
ach is approximately one liter 

The position of the stomsch in the 
body appears to have no particolar signifi- 
cance as far as its functioning is concerned. 
The position varies in different dividuals. 
In some people, the stomach ies length- 
wise across the upper part of the abdomen. 
In others, the long axis of the organ may be 
nearly vertical. The lower end vy extend 
below the level of the navel. There are vari- 
ous other positions between thise two ex- 
tremes. 

The inner surface of the stomach is 
covered with a mucous coat. This contains 
a surface lining, called epitheliu:, and vari- 
ous glands, which secrete mucus and other 
substances. Next to this first coat is a so- 
called submucous coat, which is made up of 
loose connective tissue. Then come three 
layers of smooth muscle. The fibers of the 
innermost layer are set obliquely; those of 
the middle layer are arranged circularly; 
those of the outer layer run longitudinally. 
The outer coat of the stomach is made up 
of a smooth membrane, called the perito- 
neum. 

The fundus, or upper part of the stom- 
ach, is always filled with entrapped gas. 
Part of this gas consists of air swallowed 
together with food. Another part of it is a 
Product of the digestive processes that take 
place in the stomach. When the part of the 
Stomach below the fundus contains no 
food, it is like an empty balloon. Its walls 
are contracted and touch each other. Under 
such conditions, the inner lining of the or- 
gan is thrown into folds, or wrinkles, which 
are called rugae. When food enters the 
stomach, the walls relax and stretch and the 
Tugae disappear. 


STOMACH SECRETIONS glands to secrete. Among these are certain 
d ? drugs and alcohol. The secretion of gastric 
When food enters the stomach, the juice increases for the first hour or so of 
glands ©! the organ begin their secreting digestion and then decreases. 
activities The secretions include mucus, There may be a certain amount of se- 
hydroci ric acid, and certain enzymes. cretion even in an empty stomach. This in- 
These enzymes are pepsin and, primarily terdigestive secretion, as it is called, is gen- 
in youny children, reni erally slight. In certain persons, however, 
Mucus, hydrochloric acid, certain salts particularly those suffering from peptic ul- 
and pepsin are contained in gastric juice. cer, it may be profuse and rich in hydro- 
This is a clear, watery fluid. It shows a chloric acid and pepsin, Even in normal in- 
strong i reaction when tested with lit- dividuals, the sight, smell, or anticipation of 
mus pay if the stomach is actively secret- food will cause the glands of the stomach to 


time the juice is obtained. A nor- 
dual forms two to three liters of 
iuice daily. The amount that is se- 

er eating varies with the quantity 
position of the food that is con- 
Protein-rich foods, such as meat, 
» the greatest amount. Carbohy- 
i fats have less effect. Other sub- 
esides food may cause the gastric 


call fo: 
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secrete even before food has been swal- 
lowed. This is known as psychic secretion. 
Through the action of gastric juice in 
the stomach, proteins are broken down into 
smaller components. They are not com- 
pletely digested, however, until they are, 
acted upon by various juices in the intes- 
tine. Some minerals, such as calcium salts, 
may be dissolved in the stomach. Fats and 
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THE SMALL AND THE LARGE INTESTINES 


carbohydrates, however, undergo compara- 
tively little change. Besides aiding in the 
digestion of certain food elements, gastric 
juice has a definite protective action. Its 
normal acidity suffices to destroy most 
germs that might otherwise enter the intes- 
tine. 

The mucus-producing cells in the 
stomach are stimulated to secrete copiously 
by irritating substances contained in the 
ood. The excess mucus secreted under 
such conditions helps to protect the stom- 
ach lining by forming a coating over it and 
by combining with the irritating substances, 
As a result, the inflammation that might 
have occurred because of these materials is 
prevented or reduced, All the secretions of 
the stomach bring about chemical changes 
in food. 


MECHANICAL ACTION OF THE STOMACH 


The stomach also has a mechanical 
action. It mixes foods and gastric juice to- 
gether by means of churning movements. 
As a result of this combined chemical and 
mechanical activity, the contents of the 
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stomach are gradually reduced to a semi- 
fluid mass called chyme. The larger parti- 
cles of food remain longest in the body of 
the stomach. The most liquid portions are 
the first to be carried into the pylorus. 

When food has been inadequately 
chewed, it takes longer for gastric juice to 
penetrate food particles and to reduce them 
to the proper size and consistency so that 
they can pass into the intestine. In the case 
of certain diseases, the stomach almost 
ceases to function as a storage place for 
food. In such cases, it is particularly impor- 
tant to chew food thoroughly so that the 
gastric juice can act upon the particles with 
the minimum of delay, 


PASSAGE TO THE INTESTINE 


The semiliquid chyme in the pylorus is 
gradually carried along by waves of con 
traction until it reaches the pyloric sphinc i 
fer, which closes the entrance to the smal 
intestine. The sphincter now relaxes. m 
partly digested food is expelled in smal 
amounts into the first part of the small in- 
testine— the duodenum. 


Food is passed in this way many times 
before the stomach empties itself. Most of 
the food has left the stomach three to four 
hours after the eating of an ordinary meal. 
However, indigestible residue, such as veg- 
etable fibers, may remain for twenty-four 
hours or even longer. If there is too much of 
this indigestible mass, it causes irritation. 
The contents of the stomach may eventu- 
ally be vomited. 

The amount and the kind of food in the 
intestine influence the rate at which food 
passes from the stomach. This useful ar- 
rangement prevents the intestine from be- 
ing crowded with more food that it can tol- 
erate. Certain food elements, particularly 
fats, are more slowly absorbed from the 
intestine than others. Fat particles in the 
intestine cause a hormone called enterogas- 
trone to be elaborated from the intestinal 
wall. The hormone enters the blood stream 
and acts upon the stomach, slowing up its 
secreting activities and propulsive move- 
ments, 


THE SMALL INTESTINE 


The digestion of food is completed in 
the small intestine. The wastes then enter 
the large intestine and, after passing through 
it, are expelled from the body. The walls of 
both intestines are made up of four main 
layers, corresponding more or less to those 
of the stomach walls: a mucous coat, con- 
taining epithelial tissue and glands; a sub- 
mucous layer, containing connective tissue; 
a muscular layer made up of smooth mus- 
cle; and a smooth outer lining, which is 
called the peritoneum. 

The connective tissue of the submu- 
cous layer has networks of blood vessels, 
lymph vessels, and nerve fibers. The blood 
supply is derived largely from arteries that 
leave the main artery—the aorta—in the 
abdomen just below the diaphragm and 
branch out into smaller and smaller vessels. 
There are two sets of nerve fibers, belong- 
ing to the autonomic nervous system. The 
intestines contain two layers of muscle tis- 
Sue. The inner one is made up of fibers that 
are arranged circularly around the wall of 
the tube. The outer layer is made of fibers 
running longitudinally. 


The small intestine is divided into 
three parts—the duodenum, the jejunum, 
and the ileum. The duodenum is less than 
one-third of a meter in length; the jejunum 
is from 12 to 1%4 meters long; the ileum, 
from 1%4 to 3/4 meters. 

The duodenum is different in some 
respects from the rest of the small intestine. 
Its wall is thicker and more richly supplied 
with glands. It receives secretions not only 
from these glands but also from the liver 
and pancreas which, as we saw, are located 
outside of the digestive tract. The duode- 
num is firmly attached to the posterior wall 
of the abdominal cavity. 

The jejunum and ileum are loosely at- 
tached to the posterior abdominal wall by 
a membrane called the mesentery, Their 
coils can move about within the abdominal 
cavity, 

DIGESTION IN THE SMALL INTESTINE 


Digestion and absorption occur espe- 
cially in the upper part of the small intes- 
tine, Foods pass through this area slowly. 
As a result, the various enzymes that help 
dissolve food have an adequate opportunity 
to act on the chyme. This is spread over the 
surface of the intestine and is intimately 
mixed with the digestive fluids by a series 
of contractions of the intestinal wall. The 
contractions move the semiliquid contents 
of the intestine back and forth and also 
knead them, From time to time, a propul- 
sive wave, brought about by other contrac- 
tions, moves down the intestine and carries 
the most liquid part of its contents along the 
tube, This wave motion toward the large 
intestine is peristalsis, There is another 
type of wave motion in which the waves 
move backward toward the stomach, This 
is known as antiperistalsis. 

In the small intestine, practically all 
digestible food materials are dissolved and 
absorbed. The secretions that take part in 
the process arise from three sources: the 
liver, the pancreas, and the intestine itself. 

The liver provides bile, which is emp- 
tied into the duodenum, The pancreas also 
empties its secretion, pancreatic juice, into 
the duodenum. The intestine itself provides 
a digestive secretion called intestinal juice, 
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or succus entericus. If any one of these se- 
cretions is lacking, the digestive processes 
are seriously affected. All three types of 
secretions are alkaline. Therefore, they 
serve to neutralize acid chyme after it en- 
ters the intestine. 

Bile, the secretion of the liver, is an 
amber-colored, bitter fluid. It is stored in 
the gall bladder, under the liver, and is 
emptied into the duodenum by way of a 
small tube called the common bile duct. 
About one-half of a liter of bile is secreted 
daily. One of the principal functions of this 
secretion is to emulsify fats in the intestinal 
tract. Once this has taken place, digestive 
enzymes come into more intimate contact 
with the fat molecules. 

Bile salts, which are among the chief 
constituents of bile, help to break up glob- 
ules of fat into very fine particles. They also 
help make fatty acids soluble. These acids 
are the disintegration products of fat. Bile 
serves other purposes. It contributes to the 
destruction of germs in the upper intestinal 
tract. It also helps hold various substances 
other than fats in solution. 

Pancreatic juice secretion is brought 
about in a rather roundabout way. The 
presence of acid chyme and certain disinte- 
gration products of foods stimulates the 


glands in the intestinal wali secrete 
the hormones secretin and parcreozymin, 
These, in turn, cause the pancreas to se- 
crete pancreatic juice. About half of a 
liter of pancreatic juice is produced daily by 
the pancreas of a normal pers 

Pancreatic juice is a clear fuid that 
feels slippery to the touch. It tains so- 
dium carbonate in addition t bstances 
that aid in the solution of ca vydrates, 
fats, and proteins. The diges enzymes 
contained in pancreatic juice are very po- 
tent. An enzyme called amylase acts on 
starch to change it into a much » ‘pler car- 
bohydrate— maltose. This is a covtinuation 
of the action begun in the mout ptyalin, 
Two other enzymes — trypsin chymo- 
trypsin—act on proteins to brea down the 
protein molecules, which are stili jarge even 
after digestion in the stomac Another 
pancreatic enzyme, lipase, act i fats. It 
splits the fat molecules into fatty acids and 
glycerin. Fatty acids, as we have seen, are 
made soluble by bile salts and his form 
pass readily through the lin of the 
intestine. 

Intestinal juice is secreted by glands in 
the walls of the upper part of the intestine. 
Secretion takes place when these glands are 
stimulated by acids and by various diges- 


People over 40 years of age have increased chances of developing cancer of the 
colon. For these people, a yearly Proctoscopic examination is a must. The exam- 
ination is somewhat uncomfortable — but it can be a lifesaver. 
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ts that are derived from food. 


tive prod 

Hormones may also take part in the stimu- 
lation process. As much as three to four li- 
ters of intestinal juice may be formed daily. 


Inte ıl juice contains sodium chlo- 


ride (ta salt), sodium carbonate, and 
various mes, each of which has a spe- 
cific ac One group of enzymes acts 
on sucr ind lactose, as well as on the 
maltose ed from the salivary and pan- 
creatic < tion of starch. It breaks these 
sugars < into simple sugars. Another 
enzym¢ on partially digested pro- 
teins, ¢ ting them into amino acids. 
The en lipase, like the lipase found in 
pancreatic juice, acts on emulsified fat in 
such a is to liberate the fatty acids. 
ABSOR! | IN THE SMALL INTESTINE 

Aft | these chemical transforma- 
tions h been completed, starches and 
complex sugars have been broken down to 
simple sugars, fats to fatty acids, and glycer- 
in, and eins to amino acids. All these 
end pro s of digestion can now be readi- 
ly absorbed through the walls of the intes- 
tine. 


ning of the intestine is studded 
ns of tiny outpouchings of epi- 
led villi. Villi greatly increase 
tive area across which the trans- 
stances can take place. By means 
ı whiplike movements and pump- 
ing movements, the villi stir up the fluid 
immediately surrounding them and bring a 
fresh supply of substances in contact with 
their surface. The pumping action involved 
probably improves the local circulation and 
also regulates the permeability of the ab- 
sorbing surface. 

By the time the intestinal contents 
reach the lower part of the small intestine, 
absorption is practically complete. Bacteria 
in the lower part of the small intestine cause 
further decomposition of its contents. A 
certain proportion of the products of de- 
composition resulting from bacterial action 
may be absorbed. 


PASSAGE TO THE LARGE INTESTINE 


The small intestine opens more or less 
at right angles into the large intestine. A 


structure called the ileocaecal, or colic, 
valve is located at this junction. It is made 
up of two liplike folds that project into the 
large intestine. There is a narrow slit be- 
tween them. 

The ileocaecal valve permits chyme to 
be emptied into the large intestine but 
makes it very difficult for chyme in the large 
intestine to return to the small one. Chyme 
is not passed through the ileocaecal valve 
until digestion is virtually complete. The 
normal emptying time of the small intestine 
is from five to eight hours. 

When the chyme reaches the large in- 
testine, it contains cellular debris, bacteria, 
indigestible food residue, fats, and some 
minerals, and water. A great deal of the 


The colonoscope is a thin, very flexible rod that al- 
lows a physician to see the entire colon during an 
examination. It can also be used to remove some 
growths from the colon. 
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water is absorbed as these materials pass 
through the large intestine and ultimately 
become the semisolid feces that are ex- 
pelled from the body. Even the feces have a 
comparatively high water content: from 
two thirds to three quarters of the total 
weight. 


THE LARGE INTESTINE 


The large intestine is made up of the 
caecum, the colon, and the rectum. 

The caecum, just below the junction 
of the small and large intestine, is a short, 
dead-end pouch a few centimeters long. 
A small, fingerlike tubular projection, 
called the vermiform appendix, extends 
from the lower part of the caecum, We 
shall tell later about the part played by the 
appendix under abnormal conditions, 

The colon is the part of the large intes- 
tine extending from the caecum to the rec- 
tum. First the colon passes vertically up- 
ward for about 15 centimeters on the right 
side of the body. This is the ascending co- 
lon. When it reaches the liver, it makes a 
sharp turn (approximately at right angles) 
and crosses the belly below the stomach, 
until it reaches the spleen. This is the trans- 
verse colon, It makes another sharp turn 
and then passes vertically downward for 15 
centimeters or so on the left side of the 
body —the descending colon. Finally it 
forms a loop called the Sigmoid flexure, or 
sigmoid colon, extending to the rectum, 

The rectum, the last Section of the 
large intestine, is divided into two parts: the 
rectum proper and the anal canal. The canal 
leads to an aperture called the anus. This is 
kept closed by the contraction of two 
sphincters, which relax only when fecal 
matter is passed from the body. 

The longitudinal muscle fibers of the 
caecum and colon are in three bands. Since 
these bands are shorter than the underlying 
layer, they cause the caecum and colon to 
be drawn into a Succession of tucks and 
sacs, presenting a rather curious caterpillar- 
like appearance. 

After the contents of the ileum pass 
through the ileocaecal valve, they collect in 
the caecum. They then pass upward into 
the ascending colon. It is not known how 
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this is brought about. It may be due in part 
to the overflowing of mat in the cae- 
cum. However, in many cases this material 


is found in the ascending cx 
caecum is filled. The caecur 
certain movements, as is shov 
changes in its shape. However, these move- 
ments would not suffice to propel the con- 
tents of the caecum upward into the ascend- 
ing colon. 


COLON MOVEMENTS 


The movements of the colon are gener- 
ally sluggish. From time to time. however, a 


before the 
capable of 
m by slow 


vigorous sort of movement, called mass 
peristalsis, takes place. It sweeps the con- 
tents of the colon along for considerable 


distances. There are generally only two or 


three of these movements a «ny They are 
most likely to occur after a nw il, particu- 
larly breakfast. The area thai is involved 
first dilates and shortens, contracts. 
The contractions begin in the part of the 


colon nearest the small intestine and pro- 
gress toward the anal canal. These mass 
peristaltic movements, taking place periodi- 
cally, as we mentioned above, are chiefly 
responsible for the movement of fecal mat- 
ter through the parts of the colon and into 
the rectum. 

The fecal masses are finally propelled 
into the rectum. The rectum becomes dis- 
tended and then contracts, producing @ 
definite stimulus. The first stimulus may be 
too weak to attract a person’s attention, but 
the stimuli grow stronger as the contrac- 
tions of the rectum increase in vigor. When 
a person is ready to pass the fecal mass 
from his body, he voluntarily relaxes the 
anal sphincters, the last sphincters in the 
digestive tract. The anal canal is shortened. 
The contraction of the abdominal muscles 
aids in emptying the rectum. 

The urge to pass feces is a reflex. It oe 
be conditioned by proper dietary habits an 
by ordering one’s life so that one can re- 
spond to the urge to defecate when the ap- 
Propriate stimulus occurs. 


HUNGER 


_ Besides possessing an effective meci 
nism for deriving nutrition from foodstuffs, 


For sor ry obese per- 


sons, w reduction can 
be ach by a colon- 
bypass tion. This is, 
howeve erious proce- 
dure to »nsidered only 
as a las t 


man has a definite drive to eat —a drive that 
we call hunger. One begins to experience a 
Sensation of hunger when the stomach is 
practically empty. The sensation becomes 
More intense as time passes. Besides a feel- 
ing of emptiness, there are definite “hunger 
pangs,” due to powerful contractions of the 
stomach. They may be sustained for as long 
as thirty seconds. They grow more and 
more intense the first two or three days of a 
prolonged fast. After that period of time, 
they are less pronounced. 

An individual may experience hunger 
for a specific food. Animals, for example, 
have been known to travel long distances in 
Search of salt. In many cases, dietary crav- 
ing is associated with certain diseases, Or 
from certain deficiencies in the diet. 

Appetite, or the desire food, is en- 


tirely different from hunger, It reflects a 
certain state of mind. This is based on pre- 
vious pleasurable experiences associated 
with eating. Appetite may go hand in hand 
with hunger, but this is not necessarily the 
case. Hunger is the inevitable consequence 
of not eating, but a starving person may 
lose his appetite. 

The survival time in starvation de 
pends upon the health and previous diet of 
the person deprived of food It also de- 
pends upon his activity. The less active he 
is, the longer he can survive There are 
numerous instances of fasting individuals 
doing without food for more than one 
month. Fasting, however, can have serious 
effects and should not be undertaken — for 
example, as a weight-reducing plan — with- 
out medical supervision. 
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DISORDERS OF THE DIGESTIVE TRACT 


When a person’s digestive tract is 
normal in structure and functions normally, 
the processes that we have described go on 
day after day without incident. If there is 
any abnormality in structure or function, 
serious consequences can arise. 

Congenital disorders. When a baby is 
born with a cleft palate, or incomplete clos- 
ure between the roof of the mouth and the 
nasal cavity, it cannot suck normally. If it 
tries to swallow milk, the fluid is apt to run 
out of the nose. Occasionally, infants are 
born with an inadequate stomach outlet. 
Such babies can suck and swallow normal- 
ly, but they cannot obtain any nourishment 
from food because it cannot pass into the 
intestine from the stomach. 

Stomachache. When different parts of 
the alimentary canal fail to cooperate with 
one another, digestive disorders may arise. 
Sometimes one eats so much rich food that 
the stomach fails to pass it into the intestine, 
probably because of stimuli that arise in 
the intestine. The pyloric sphincter at the 
opening between the stomach and intestine 
fails to relax. The contents of the stomach 
cannot pass through the sphincter into the 
small intestine. 

The contractions of the stomach be- 
come continually stronger. Eventually, they 
will be felt by the sufferer and he will com- 
plain of stomachache. If the sphincter mus- 
cle does not ultimately relax, a sensation of 
nausea arises. When it becomes sufficiently 
Strong, the upper part of the stomach re- 
laxes and the lower part (pylorus) contracts, 
The muscles of the abdomen involved in 
expiration (breathing out) also contract. 
The contents of the Stomach are then 
vomited into the mouth, 

Emotional disturbances may affect the 
digestive tract. A child who cries may “get 
a lump in this throat” and be unable to 
swallow. This feeling is due to a spasm at 
the upper end of the esophagus. Fear causes 
the mouth to become dry and the saliva to 
become thick. One loses all desire for food. 
Fear can also cause the stomach to lessen 
its secretions or stop them entirely. Under 
such conditions one may have difficulty in 
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swallowing food, and the conte of the 
stomach may be vomited. Grief or »rotract- 
ed worry may have similar effec! 

Other emotional factors m ontrib- 
ute to an increased flow of sal height- 
ened secretion, and more ac move- 
ments of the stomach. This frec ‘ly hap- 
pens when we look at food tha > enjoy 
eating, or when we smell delighi®:| odors 
that are coming from the kitchen 

Constipation. Constipation ı fairly 
general complaint among the p< ition at 
large. Some people imagine th: e con- 
stipated because they fail to e their 
bowels daily. It is true that mi yersons 
have at least one bowel mover every 
day, yet there are perfectly no: people 
who move their bowels once ey two or 
three days. The frequency and « cter of 
bowel movements depend on a variety of 
factors, such as the amount of ughage 
contained in the diet, the quantity of water 
that is consumed, and the moti of the 
stomach, small intestine, and colc 

A bona fide case of constipe on may 
be due to faulty habits. If one delas defeca- 
tion for long periods at a time, the rectum 
may come to tolerate the increased bulk of 


fecal matter it contains. The essary 
stimuli may become feebler or may be en- 
tirely absent. As feces collect not only in 
the rectum but in the part of the coion near- 
est to it, the liquid portion of the waste 


matter is absorbed. The feces then become 
dry and hard, and it becomes difficult to 
pass them out of the body. A drastic change 
in habits will do more to cure a condition 
of this kind than the indiscriminate use of 
laxatives. 

Constipation may be due to other fac- 
tors. It may be difficult to evacuate because 
of weakness in the abdominal muscles that 
are involved in the process. The diet may 
contain too little bulk or too little fluid. In 
the condition known as spastic colon the 
colon contracts excessively and remains 
firmly contracted. In such cases one should 
seek the advice of one’s physician 

Diarrhea. In the condition known as 
diarrhea, the bowels move too frequently 
and the stools are too soft. This happens 
when the contents of the intestines are 
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Left: the ba 

dysentery 

tolytica tha’ causes amebic dysentery in humans. 

passed through the large bowel too rapidly 
and not ©» ough water is absorbed through 


the bowes! walls. Diarrhea may be caused 
by eating unripe fruit or infected food or 
drink. It may also be due to emotional dis- 
turbances, such as fear or rage. It may be 
the symptom of a serious disease, such as 
typhoid or cancer. If there is blood in the 
Stools or if they are black, there is particular 
cause for alarm. Mild cases of diarrhea may 
often be cured by diet. In severe cases, a 
Physician should be consulted. 

Dysentery. The name dysentery is gen- 
erally applied to two specific diseases— 
bacillary dysentery and amebic dysentery. 

_ Bacillary dysentery is caused by cer- 
tain bacterial species belonging to the genus 
Shigella. The bacteria gain entry to the gas- 
trointestinal tract in contaminated food or 
drink and they multiply in the intestines. 
They produce toxins that inflame the tis- 
sues. The symptoms are painful and bloody 
diarrhea, high fever, and extreme thirst. 
The disease may result in perforation of the 
Intestinal wall. The nervous system may 
also be affected. 

Bacillary dysentery is particularly com- 
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teria shown belong to the genus Shigella. They cause bacillary 
umans. Right: the parasitic ameba known as Entamoeba his- 


mon in the tropics, but is likely to occur 
whenever great numbers of people are 
crowded together without proper sanitary 
facilities. Sulfa drugs and antitoxin serums 
have been used to combat the disease, 

A parasitic ameba called Entamoeba 
histolytica brings on amebic dysentery in 
man. This ameba is discharged with the 
feces of sufferers and becomes encysted— 
that is, enclosed in a cyst, or capsule. If a 
person eats or drinks anything contaminat- 
ed with such encysted amebas, the capsules 
resist digestion until the parasites have 
penetrated the lower part of the intestines. 
The symptoms are frequent and bloody 
stools, headache, nausea, and high fever. 
The amebas may produce ulcers and ab- 
scesses in the wall of the colon. They may 
enter the blood stream and spread through- 
out the body. As in the case of bacillary 
dysentery, amebic dysentery is particularly 
common in the tropics. It is also found in 
areas where crowded conditions are com- 
bined with lack of sanitary precautions. 
The antibiotics aureomycin and terramycin 
have proved effective in treating this condi- 


tion. 


THE DIGESTIVE SYSTEM 


241 


242 


Appendicitis. Perhaps the most familiar 
of the serious disorders affecting the gas- 
trointestinal tract is appendicitis, or inflam- 
mation of the vermiform appendix. This 
outgrowth of the caecum serves no partic- 
ular purpose in man. It is hollow, can se- 
crete mucus, and is normally able to empty 
its contents into the caecum. However, 
deposits may be built up in it or its outlet 
may be obstructed. If these conditions 
exist, drainage will be inadequate. Changes 
in the lining of the appendix will then take 
place. Bacteria will invade the wall of the 
organ and inflammation will set in. When 
this occurs, a person is said to have appen- 
dicitis. 


THE DIGESTIVE SYSTEM 


A severe const 1 of the 


colon, such as that shownin 
this X ray, prevents the pas- 
sage of fecal ma andisa 


very serious med 
problem 
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Inflammation anywhere along the wall 
of the intestine affects all other parts of the 
alimentary canal. For example, if the ap- 
pendix is involved, the stomach may be 
unable to empty its contents into the intes- 
tine. The sufferer will become sick at the 
stomach and will vomit. Nausea is one of 
the principal symptoms of appendicitis. 
There are various others. The patient often 
feels intense pain, first in the region of the 
navel and then in the lower right part of the 
abdomen. The abdomen, in the vicinity of 
the appendix, is sensitive to the touch. Its 
wall is tense. The white blood cell count is 
high. 

Ifa person thinks he has some of these 


symptoms, he should refrain from taking 
laxatives until a physician has a chance to 


determine whether or not he is suffering 
from appendicitis. The mortality rate from 
the disease is much lower among patients 
who see a physician during the first hours of 
their illness than it is among those who wait 
until they are critically ill before they de- 
cide to call a doctor. If the physician is al- 


erted in tme, an appendectomy, or removal 


of the appendix, is generally a routine oper- 
ation. 

Ulcers. Peptic ulcer is another serious 
complaint involving the gastrointestinal 
tract. In this condition, the pepsin and hy- 
drochloric acid contained in the gastric 
juice act on the lining of the duodenum or 


stomach. As a result, tissue in these organs 
is destroyed. 

_ . The most common site of peptic ulcer 
is the first part of the duodenum, just be- 
yond the outlet of the stomach. An ulcer in 
this area is called a duodenal ulcer. A gas- 
tric ulcer is one that develops in the stom- 
ach. In both types of peptic ulcers, the pa- 
tient complains of a burning sensation or 
pain in the upper part of the abdomen. It 
tends to recur at regular intervals and is 
made worse by eating abrasive foods such 
as celery, A glass of milk sometimes brings 
relief from the distress. 

A person who feels pain in the abdo- 
men at more or less regular intervals should 
Suspect the existence of a peptic ulcer and 
should see his doctor at once. The destruc- 
tion of the lining of the duodenum or stom- 
ach at the site of an ulcer may have serious 
Consequences. Bleeding may occur and not 
be detected until severe blood loss has 
occurred. The walls of the duodenum 
or stomach may be perforated, causing the 
contents of the organ to spill out into the 
abdominal cavity. The membrane lining 
this cavity—the peritoneum—may be in- 
fected as a consequence, and the very dan- 
8erous condition known as peritonitis may 
result. Ulcers may become malignant. It is 
thought that in some instances cancer of the 
Stomach arises from pre-existing ulcers. 

Gallstones. The digestive processes 
may be seriously affected by the formations 
called gallstones. These are irregularly 


shaped bodies found in the gall bladder or 
the bile duct. They contain cholesterol, pig- 
ments, bile salts, and calcium in varying 
proportions, Various factors are involved 
in the formation of gallstones. Faulty me- 
tabolism may be one cause, or the gall blad- 
der may be infected, or it may fail to empty 
itself with completeness and regularity. 

Gallstones are more common in wom- 
en than in men. They are particularly likely 
to be found in women who have borne chil- 
dren. The presence of stones in the gall 
bladder may cause no symptoms in some 
people. In others there may be an attack of 
colicky pain in the upper part of the abdo- 
men, on the right side, from time to time. 
The pain often radiates to the back. 

Stones may be single or multiple, large 
or small. Sometimes a stone may pass 
from the gall bladder into the common bile 
duct and may obstruct the passage of bile 
into the intestine. Pain and nausea follow. 
The skin turns yellow because the bile pig- 
ments are released into the blood stream. 
Their absence in the intestinal tract causes 
light yellow stools. There is no way to dis- 
solve gallstones while they remain in the 
gall bladder or bile duct. They can be re- 
moved surgically. Often, the entire gall 
bladder is removed, 

Cancer. The most common sites of can- 
cer of the gastrointestinal tract are the 
stomach and the colon, Cancer of this type 
is most common in older people, though it 
sometimes attacks others. The passage of 
blood in the stools is a warning symptom. 
So is any marked change in the character 
or the regularity of bowel movements. 
Early recognition is essential for the suc- 
cessful treatment of any cancer. 

Summary. This brief survey of the dis- 
orders that may affect the digestive tract 
has given only a sketchy idea of the many 
unpleasant things that can happen when 
something goes wrong with this vital sys- 
tem. It is the avenue through which all the 
food elements required for health gain ac- 
cess to the tissues of the body. It is su- 
premely important, therefore, to keep it 
functioning properly through regular habits, 
proper diet, and prompt medical attention 
if symptoms should occur. 
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TEETH 


by Lon W. Morrey 


A famous character in fiction once 
remarked, after losing several teeth in a 
fight, that “every tooth in a man’s head is 
more valuable than a diamond.” He did not 
exaggerate. For the teeth, stationed at the 
very entrance to the alimentary canal, serve 
to tear and grind our food and to prepare it 
in this way for its passage through the stom- 
ach and the intestines. One could get along 
without teeth after a fashion by limiting 
oneself to certain kinds of foods, but one’s 
diet would be very restricted. 


SOLID STRUCTURES 


The teeth are solid structures. They 
have been made hard by the embedding 
of calcium, phosphorus, magnesium, and 
other mineral salts in an organic material. 
They are firmly anchored in bony sockets 
in the upper and lower jaws. There are four 
types of tissue in teeth: enamel, which 
covers the crown or visible part of the 
tooth, is the hardest substance in the body; 
dentine, which is harder and denser than 
bone, makes up the main mass of the tooth; 
cementum, a bonelike substance, covers 
the dentine in the root; and pulp, which 
occupies the center of the tooth and con- 
tains nerves, arteries, veins, and lymphatic 
vessels. The periodontal membrane is a 
layer of soft tissue between the tooth root 
and the jaw. It holds the tooth in place and 
acts as a cushion to lessen the force of 
impact that takes place in chewing. “Peri- 
odontal” means “around the teeth.” 


DECIDUOUS TEETH 


There are twenty teeth in the first set— 
the so-called milk teeth. These are also 
called the deciduous (falling-off”) teeth, 
because they are shed after several years 
and are replaced by permanent teeth. 

Tooth buds begin to form in the em- 
bryo as early as the sixth week of prenatal 
life. They begin to harden about the six- 
teenth week. At birth, a considerable part 
of the crowns not only of the deciduous 
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teeth but also of the first permanent molars 

have already been formed. j 
The tables show the approximate times 

when deciduous teeth erupt and are shed 


and when permanent teeth erust. These 
are average figures. There is no particular 
cause for alarm if the teeth of a given child 
do not follow this growth pattern. The vari- 
ations even in normal children are often 


quite wide. 

The care of deciduous teeth should not 
be neglected, even though such tceth Will 
be replaced. The first teeth are ssary 
for proper chewing. They aid in speech. 
They give form and symmetry to the face. 
They act as guides for the eruption of the 
permanent teeth that are forming beneath 
them. When a deciduous tooth is tost too 
early, the adjacent and opposing teeth may 
shift out of position, thus weakening the 
proper arrangement of teeth in the mouth. 
The dentist may prevent permanent dam- 
age in such a case by inserting a device 
called a space maintainer. This preserves 


Structure of a tooth with two roots, showing the 
four types of tooth tissue and the membrane 
around the tooth. The jawbone and blood vessels 
are also shown. 
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the alignment of the first set and provides 
space for the eruption of the permanent 
teeth. 
PERMANENT TEETH 

The ad, or permanent, set of teeth 


contains thirty-two teeth. The eight front 
teeth—the central and lateral (side) inci- 
sors —are cutting instruments. Flanking the 
incisors are the four cuspids, which have a 


long, heavy root and a sharp point for tear- 


ing food. They are also known as canines, 
or eyeteeth. Next to the cuspids are the 
eight bicuspids, or premolars. There are 
two on each side of the upper and the lower 
jaw. As their name implies, they have two 
cusps, or pointed projections, on each 
crown. The bicuspids tear and crush food. 
Finally, in the back part of the mouth we 
find the twelve molars, in groups of three 
on each side of the upper and lower jaw. 
The molars have two or three roots and 
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PERMANENT TOOTH 


several cusps for grinding food so that it 
will be suitable for swallowing and digest- 
ing. The third molars, the hindmost teeth in 
the mouth, are also known as the wisdom 
teeth. As the diagram shows, the teeth in 
each jaw form an arch, called the dental 
arch, 

The first of the permanent teeth—the 
first permanent molars—have already been 
partially formed within the child’s jaws at 
birth. They erupt when he is about six years 
of age, shortly before the large upper front 
teeth—the central incisors—appear. Dur- 
ing the early months of the baby’s life, the 
permanent incisors and cuspids begin to 
calcify within the jaws. From this point un- 
til about the age of 12, the jaws are con- 
stantly at work building teeth. 

The first permanent molars are the 
most important teeth in the dental arch 
because they act as the guide and the key- 
Stone for the remaining permanent teeth. 
There are four of these molars, one on each 
side of the upper and the lower jaw. They 
erupt behind the last deciduous molars. 
Because they are often mistaken by parents 
for deciduous teeth, their care is often ne- 
glected. As a result, the entire permanent 
dental arch is endangered. 

By the time the first permanent molars 
have erupted, the jaws have grown to such 
an extent that the deciduous front teeth are 
not so close together as before. Spaces 
appear between them. This is really most 
fortunate, because the permanent teeth are 
larger than the deciduous set and require 

more room. If all goes well, they will fit 
snugly in the spaces left for them. The third 
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Teeth of the typic x-year-old, 
The milk teeth are exposed, but 
the permanent t are not yet 
out. The broker s indicate 
the dissolved ro one of the 
milk teeth. 
molars are the last of the per vent teeth 
to erupt. They are sometim illed the 
“‘wisdom teeth” because by ime they 
appear (from the 17th to the 2 ar), one 
is supposed to have acqui: ı certain 
amount of wisdom. Sometin ie third 
molars never develop. This r also be 
true of other permanent teeth 
When they are fully developed, the 
teeth of the upper jaw should tly over- 
lap those in the lower one. When the jaws 
are closed, each tooth should « in con- 
tact with portions of two opr rg teeth, 
with the exception of the third molars and 
the lower central incisors. 
DENTAL DISEASES 
Dental caries. Teeth are the hardest 
part of the human body. Even after death 
they remain intact long after the bones of 


the skeleton have decayed. Yet they are 
considered among the perishable parts of 
the body during life because of the disease 
known as dental caries, or tooth decay. This 
disease destroys the tissues of the tooth and 
produces cavities that may lead to its death. 

Before the time that fluorides began to 
be added to community water supplies, the 
Seriousness of the dental-caries situation 
varied widely across the United States, 
owing to a number of regional and local 
factors. In general, however, half of all 
children developed three or more carious, 
or decayed, teeth by the time they reached 
school age. Very few young people re- 
mained free from caries at age 16. The in- 
cidence of dental caries is decreasing, but 
it still remains a major health problem. 


Denta! caries is caused by an acid that 


is formed when bacteria act on fermentable 
carbohydrates, principally sugar, in the 


mouth. is acid-producing process is a 
chemical chain reaction, made up of some 
fifteen different steps. It starts within sec- 
onds after carbohydrates are eaten and it 
continues for from thirty to ninety minutes. 


The acid that is formed is capable of dis- 
solving the enamel of the tooth. 

The extent of the damage caused by 
the acid depends on various factors. Among 
these are the following: (1) the presence of 
dental plaques—sticky, gluelike patches 
that cling tenaciously to the surface of the 
tooth and afford protection for bacteria; (2) 
the strength of the acid and the ability of 
the saliva to neutralize it; (3) the length of 
time the acid is in contact with the teeth. 

Tooth decay generally begins in a tiny 
fissure or flaw of the enamel, or on hard-to- 
get-at surfaces between the teeth. If the 
condition is neglected, the decay penetrates 
the enamel and reaches the dentine. Since 
dentine is not so hard as enamel, the decay 
now advances more rapidly. In a compara- 
tively short time it reaches the blood ves- 
sels, lymph vessels, and nerves in the pulp. 
Upon being exposed, the pulp becomes in- 
fected and frequently an abscess forms at 
the tip of the root. Extensive dental treat- 
ment is then required to remove the infec- 
tion and restore the tooth to health. In 
many cases it is necessary to extract the 
tooth. Dental caries is the chief cause of 
tooth loss in young persons. A chipped 
bone or broken skin may heal itself, but 
decaying tooth enamel cannot be regenerat- 


How teeth may be lost. 
Far left: decay has pene- 
trated tooth enamel. Cen- 
ter: decay has attacked 
the dentine of one tooth 
and has killed the pulp, 
causing an abscess to 
form. Near left: the badly 
decayed tooth has been 
extracted. However, an 
abscess is starting to 
form in the adjacent 
tooth. 


ed in this way. All the dentist can do is to 
remove the decayed part of the tooth and to 
fill the resulting cavity. Prevention is the 
only cure for dental decay. 

Periodontal diseases. Diseases of the 
gums and of the bones that support the 
teeth are called periodontal diseases, be- 
cause they involve structures surrounding 
the teeth. When these structures are af- 
fected and give way, the teeth become loos- 
ened. They may even fall out if treatment is 
not started early enough. The periodontal 
diseases are most likely to attack those over 
thirty-five years of age. These disorders 
cause more tooth loss than does dental 
caries. 

One of the principal periodontal dis- 
eases is gingivitis, an inflammation of the 
gingivae, or gums. Among the causes of this 
ailment are the accumulation of tartar de- 
posits on the teeth, injury, and poor tooth- 
brushing. Bleeding is a frequent symptom. 

When gingivitis is not treated, it often 
leads to periodontitis, frequently called 
pyorrhea. The gums that normally hug the 
tooth loosen, forming a pocket that fills 
with bacteria and pus. The supporting bone 
itself may be affected. The tooth, with its 
support thus weakened, may be lost, unless 
treatment is begun early enough. 

Vincent's infection, another periodon- 
tal disease, attacks not only the gums but 
other parts of the mouth and throat as well. 
During World War I, it was called “trench 
mouth” because it was so prevalent among 
soldiers in the trenches. Although the exact 
cause of the disorder is not known, unhy- 
gienic conditions and lowered tissue resist- 
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The effects of pyorrhea. A. Food and tartar deposits have irrite 
causing them to begin to withdraw from the teeth. B. Pyorrhea h 
ther destruction. C. Pyorrhea has destroyed most of the tissu 
tooth and has weakened the other. D. One tooth is lost, the othe 


ance are important factors..Symptoms of 
acute Vincent’s infection are inflammation 
and ulceration of the gums, an offensive 
odor, pain, and excessive bleeding. The 
disorder usually yields readily to treatment 
by the dentist. 

The canker sore is another painful oral 
disorder. It occurs, usually in the form of a 
small ulcer, in the mucous membranes of 
the mouth. Because nerve endings may lie 
immediately beneath the ulcer, there is often 
extreme pain. Fortunately dental treatment 
brings relief. The sores usually heal in from 
eight to ten days. 


MALOCCLUSIONS 


Teeth that are irregularly spaced or 
that do not meet properly when the mouth 
is closed are said to be in malocclusion. In 
one study of more than 1,000 school-age 
children, about 30 per cent were found to 
need some form of treatment for this condi- 
tion. Other studies have shown that an even 
higher percentage of the population proba- 
bly has a certain degree of malocclusion. 

Malocclusion may be due to certain 
hereditary factors: narrow dental arches; 
the eruption of the teeth before the jaw has 
grown sufficiently; the premature shedding 
or prolonged retention of deciduous teeth. 
Certain undesirable habits may also ac- 
count for the condition, Among these are 
thumb- or finger-sucking, lip-sucking, and 
sleeping positions that result in unusual 
pressure on the jaws. In the case of thumb- 
sucking, dentists generally agree that if the 
habit is stopped before the age of five, there 
is a good chance that the teeth will return to 
normal position. 
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he gums, 
used fur- 
round one 
weakened. 


Malocclusion may interfer vith pro- 
per mastication, cause serious “acial de- 
formities, and contribute to speech defects 


or periodontal diseases. Treatment varies 


with individual cases. It may olve the 
use of space maintainers, the extraction of 
some teeth to relieve crowding, and the 
application of fixed wire bands to zuide the 


teeth into the proper position. Some minor 
cases can be corrected in a few months. 
More severe cases may require a ew years. 


CARE OF THE TEETH 


The emphasis in dentistry te 
prevention rather than treatment 
ple of this trend is the fluoridation of com- 
munity water supplies in order to reduce 
the rate of dental decay. 

Fluoridation is the controlled addition 
of some form of fluoride to the wate! —usu- 
ally one part of fluoride is used to one mil- 
lion parts of water. Studies have shown that 
this public-health measure will reduce the 
number of dental-caries cases by something 
like two-thirds. 

When children living in the city of 
Evanston, Illinois, were subjected to fluori- 
dation over a period of years, researchers 
found notable decreases in the number of 
decayed, missing, and filled teeth. Six- 
seven- and eight-year-olds showed an im- 
provement of 91.3 per cent, 64.57 per cent, 
and 62.60 per cent, respectively, compared 
to similar age groups examined in the days 
before fluoridation was introduced. In the 
control city of Oak Park, Illinois, whose 
water supply was not fluoridated, similar 
age groups were examined. There had been 
no significant change in the rate of decay in 


the six- and eight-year-olds over the years, 


but there been an increase in the case 
of the seven-year-olds. 

In communities that have no central 
water system, the application of a fluoride 
solution sctly on children’s teeth has 
proved helpful. However, such individual 
treatment does not produce as satisfactory 
results as ‘luoridating the water supply. 

Another preventive measure that is 
stressed the dental profession is tooth 
brushing he toothbrush removes food 
particles and other deposits from between 
the teeth and from the crevices of the chew- 
ing surf It also helps prevent tartar 
deposits ‘:om forming on the teeth and con- 
tributes he health of the gums. 


The teeth should be brushed immedi- 


ately after a meal or a snack (particularly a 
sweet snack). If it is not possible to do so, 
the mouth should be rinsed with water. 


The »rimary purpose of a dentifrice—a 


powder, te, or liquid used in cleaning the 
teeth—is to help the brush clean the teeth. 
Clinical ies are being conducted on 
other dentifrices. 


Following are some rules for brushing 


the teeth: (1) brush the upper teeth with 
downward strokes, the lower teeth with 
Malocclusion is a common 
dental problem—one_ that 


can usually be treated suc- 
cessfully. Near right: X ray of 
a young boy with a serious 
‘overbite."” Far right: X ray 
Showing the effect of three 
years’ treatment. The teeth 
are now better aligned. 
Improved chewing, speech, 
and appearance result. 


upward strokes; (2) brush chewing surfaces 
with a scrubbing stroke; (3) brush each area 
at least 10 times, including surfaces next to 
the tongue as well as those next to the 
cheek; (4) brush the teeth of each jaw sepa- 
rately. 

Mouthwashes have been extensively 
advertised but are of doubtful value. Medi- 
cated mouthwashes should be used only on 
the recommendation of a dentist. 

Another factor in dental health is a 
sensible diet. It is particularly important to 
reduce the consumption of carbohydrates, 
particularly sweets. Carbohydrates are es- 
sential in the diet to provide the energy 
necessary for muscular activity and for 
other functions of the body. However, in 
some countries the consumption of sugar 
has increased far beyond the normal needs 
of the diet. In the United States, for exam- 
ple, the consumption of sugar has increased 
from an average of five kilograms per per- 
son per year in 1830 to about 42 kilograms 
per person per year in the 1980's. 

A reduction in the consumption of 
sugar will result in an appreciable decrease 
in the number of dental-caries cases. The 
frequency with which sweets are eaten is an 
even more important determinant than the 
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amount consumed. Continued and repeated 
acid attack is more dangerous to the teeth 
than occasional attack. 

A well-balanced diet that is beneficial 
for general health will also be beneficial for 
the teeth during the period of development 
and later on. Supplements to the diet, in the 
form of added calcium, phosphorus, vita- 
mins, or essential minerals, should be given 
only on the specific recommendation of a 
physician. 

Preventive measures, such as proper 
toothbrushing, fluoridation of water or ap- 
plication of fluorides to the teeth, and re- 
duction in the consumption of sweets, are 
very helpful. They cannot completely elimi- 
nate dental disorders, however. To control 
and prevent dental caries, periodontal dis- 
eases, and malocclusion, regular and fre- 
quent dental care is vital. 

The child should pay his first visit to 
the dentist between the ages of two and a 
half and three, years, shortly after all the 
deciduous teeth have erupted. Early and 
frequent visits enable the dentist to detect 
the first symptoms of dental disease and 
irregularities in the growth pattern. Defects 
can then be corrected with a minimum of 
discomfort. In general, visits should be 
made every six months. 


ARTIFICIAL TEETH 


When teeth are lost, the dentist can 
often replace them by various dental 
prosthetic devices. A prosthetic device is 
an artificial substitute for a missing body 
part. In constructing such devices, dentists 
take into consideration a number of factors: 
mouth cleanliness; prevention of excessive 
pressure on soft tissues; prevention of 
interference with muscles of the tongue 
and cheeks; equal distribution of chewing 
forces on the Supporting teeth. The appear- 
ance of artificial teeth is also an important 
consideration. At one time people were 
rather proud of showy gold teeth. Nowa- 


all photos, Universal/Lactona —a division of Warner-Lambert Company 


Making an artificial tooth. Top: a plaster cast of the 
patient's jaw is used as a model in fitting the artifi- 
cial tooth. Next: building and shaping the new 


tooth. Bottom: coloring the tooth to match the pa- 
tients other teeth. 
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days, however, most people want their arti- 
ficial teeth to look as natural as possible. 
There are various kinds of dental 


prostheti: vices. When the crown of a 
tooth cannot be saved, an artificial crown of 
porcelain, or gold, or other material may be 
adjust he root. Fixed or removable 
bridgewors is employed to replace missing 
teeth wh \me natural teeth remain in the 
mouth. / ved bridgework cannot be re- 
moved fî the mouth. In this case, the 
false teeik are anchored by means of inlays 
or crow: ; adjoining teeth. Removable 
bridgewor held in place by metal clasps 
fastened around natural teeth, 


Whe large number of teeth must be 


replaced, © partial denture, or partial plate, 
may be used. The partial denture covers 
various arcas of the gums and the palate, in 
addition to the gap where teeth are missing. 
In this type of prosthetic device, the artifi- 
cial teeth, of baked porcelain or plastic, are 
set in a base of plastic. 

If all teeth of the upper or lower jaws 
have been lost, a full denture, or plate, is 
prepared. It consists of artificial teeth of 
porcelain or plastic set in a plastic base. 


The base of an upper plate rests on the up- 
per gums and the palate. The base of a 
lower plate sits on the lower gums. 

There is generally a certain amount of 
discomfort when a new dental plate is put 
into service, but the dentist can usually 
make adjustments that remedy the trouble. 
The wearer of a new denture may find it 
hard to speak and chew properly at first. 
Dentists recommend reading aloud for im- 
proving pronunciation in such cases. It may 
be necessary to modify certain normal eat- 
ing habits in order to bring about improved 
mastication. . 

The ridges of the gums undergo certain 
normal changes over the years. Shrinking 
may occur, loosening the denture and caus- 
ing a gradual change in the facial expres- 
sion. Such a change may take place, even 
when dentures do not loosen, as the jaws 
come closer together following the shrink- 
age of the gums. Wrinkles or depressions 
form in the upper and lower lips; the lips 
become compressed and protrude. The 
chin moves forward and upward. The lip 


line straightens. Pronounced pouches de- 
velop on the sides of the lower jaw. 

To avoid such facial changes, den- 
tures should be relined or new ones should 
be constructed periodically, usually every 
three or four years. It is not advisable to try 
to reline dentures at home or to use denture 
adhesive powders. 


RECENT DEVELOPMENTS IN DENTISTRY 


Researchers have made important con- 
tributions to dentistry in recent years. 
Among these developments have been im- 
proved anesthetic agents, the use of anti- 
biotics, the development of plastic filling 
materials, the design of new equipment, and 


Top: a removable bridge for the upper teeth. The 
molars and second bicuspids on each side have 
been replaced, while the first bicuspids have been 
partially restored. Bottom: a full upper and lower 


denture, or plate. 


TEETH 


251 


252 


the increased application of radioac- 
tive techniques to learn more about the 
teeth. 

The most commonly used anesthetic 
agent in dentistry is the local anesthetic, 
which produces loss of feeling only in a 
specific area. The local anesthetic must be 
nontoxic, and it should produce a suffi- 
ciently deep anesthesia rapidly and for the 
desired duration of time. Many years ago 
procaine replaced the dangerous cocaine as 
the routine dental anesthetic agent. Today, 
often mixed with such drugs as tetracaine 
or propoxycaine, procaine is by far the 
most widely used local anesthetic. Three 
other drugs—butethamine, lidocaine hydro- 
chloride, and metabutethamine—have also 
come into common use. Some of these 
agents are a boon to the small percentage 
of patients and dentists who are procaine- 
sensitive. 

General anesthesia, or complete un- 
consciousness, is sometimes produced by 
gas—usually a combination of nitrous ox- 
ide, oxygen, and perhaps trichloroethylene. 
Sometimes unconsciousness is brought 
about by intravenous injection of a barbitu- 
rate—usually thiopental. Trichloroethylene 
is also used by itself to produce general an- 
algesia, a state in which the patient is con- 
scious but is insensitive to pain. 

The development of antibiotics has 
had important applications in dentistry. If a 
patient about to have a dental operation 
has a history of valvular heart disease or 
theumatic fever, he is given penicillin in 
order to prevent subacute bacterial endo- 
carditis, a disease that sometimes proves 
fatal. Penicillin and other antibiotics, such 
as Aureomycin and the tetracyclines, are 
also used effectively in combating infec- 
tions of the teeth and gums. 

Another important development has 
been the use of plastic as a filling and seal- 
ant for teeth. Dentists have long sought an 
ideal filling material. Porcelain is a filling 
that blends in well, but it is fragile, and its 
use is limited largely to the front teeth 
where the factors of color and appearance 

are particularly important. Silver amalgam, 
a combination of silver, mercury, and other 
metals, is the most commonly used filling. 
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It is serviceable enough but la 
thetic appeal of porcelain. Gol 


spicuous. Otherwise, it would be an ideal 
filling material, for when it is alloyed with 
certain other metals, it does not shrink or 
expand to any significant degree. and it also 
resists wear well. 

Filling materials made plastics 
known as acrylic resins have ain defi- 
nite advantages. Such mate can be 


blended to produce almost any color or 


shade imaginable, and so can made to 
match the person’s natural teeth. Acrylic 
resins can also be molded into almost any 
shape. They are not brittle. 

Plastic sealants are being used to wall 
off the biting surfaces of teeth n decay- 
causing bacteria. Studies have shown that 
children’s back teeth sealed with a plastic 
remain almost totally decay-free 

Another simple technique employs an 
acrylic resin to reconstruct a broken front 
tooth, a common injury in children. Plastic 


is also used for total replacement of a miss- 
ing front tooth. Here a plastic crown is 
bonded to the teeth on either side of the 
space. 

New dental drills have been designed 
to overcome the discomfort caused by tra- 
ditional rotary drills. Small waterpowered 
turbine drills have attained speeds of be- 
tween 60,000 and 70,000 revolutions per 
minute. Air turbines that rotate at up to 
300,000 revolutions per minute are now in 
common use. Research work has indicated 
that speeds of even 10,000 revolutions a 
minute practically eliminate the sensation 
of vibration that causes so much discomfort 
and even pain to patients when slower drills 
are used. 

Radioactive isotopes have proved to 
be effective tools of research. They have 
added to our knowledge of tooth structure 
and dental disease and have led to im- 
Proved methods of dental treatment. De- 
Posits of radioactive calcium have been 
used to study the processes of tooth forma- 
tion. Radioactive tracers of calcium chlo- 
tide have tested the efficiency of certain 
techniques in placing dental fillings. More 
than 20 radioactive compounds have been 
used in dental research. 
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This child is receiving his immunizations against rubella, poliomyelitis, diphthe- 
ria, and other diseases, many of which were once serious problems throughout 


the world. 


DEFENSES OF THE BODY 


by W. W. Bauer 


The human body, moving over a long 
span of life, through a world filled with haz- 
ards, possesses a remarkable system of 
defenses against attacks from without— 
against accidents (or other violence) and 
disease. It has an outer wall, many internal 
defenses, and a highly ingenious regulatory 
system. A U.S. physiologist, Dr. Walter B. 
Cannon, has described this elaborate series 
of defenses as ‘‘the wisdom of the body.” 


WARNING SIGNALS 


The organs of perception provide 
warning of violence, due either to accident 
or to intentional attack. The eye can per- 
ceive, or the ear detect, the approach of 
danger. Man’s sense of smell is less acute 
than that of many animals, but it is keen 
enough to help ward off danger of injury 
from fire or chemical fumes. Skin sensation 


is useful in detecting contacts with crawling 
insects and other animals that may have a 
dangerous bite and in warning of excessive 
heat or cold. It also helps us to determine 
the texture of solid objects or the character 
of fluids with which we make contact. 
Closely allied to the senses of percep- 
tion is the action of the nervous system. A 
warning signal received through the eye, 
the ear, the nose, or the skin is transmitted 


to the brain, which then directs appropriate 
action. If there is plenty of time, this may 
be a conscious action. You may be driving 
a car and see a traffic jam in the next block. 
You slow up, look the situation over as you 
approach, and then decide what to do next. 
But if the driver ahead of you suddenly puts 
on the brakes, you do the same before you 
have time to size up the situation. This is 
called reflex action. A reflex action takes 
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place when you duck without thinking as a 
snowball is thrown at your head. In fact, 
the chances are that you will duck even if 
you know there is a heavy sheet of un- 
breakable glass between you and the on- 
coming object. Reflex action is at work, 
too, when you jerk your hand away upon 
touching a hot stove. 


REFLEX ACTIONS 


This is how reflexes work. In the skin 
there are tiny organs called receptors. 
There is a different one for each sensation: 
pain, heat, cold, pressure, texture, and so 
on. From these, the nerve fibers go through 
various nerve trunks to a nerve center, or 
ganglion, one of a chain which is just out- 
side the spine in the abdominal, chest, and 
neck regions and in various places in the 
head. Here the impulse is delivered to other 
nerve fibers, in much the same manner as a 
telephone relay carries the voice from sta- 
tion to station, and the message is conveyed 
to the brain. Action impulses then originate 
in the brain. They are transmitted to a 
nerve center in the spinal cord and from 
there, by other nerve fibers, to muscles that 
bring appropriate sense receptors, such as 
the eyes, nose, or fingers, into play. Thus, 
we look at, or smell, or feel the object that 
has stimulated our skin receptors and learn 
what it is like. 

But if there is an emergency, the whole 
action is short-circuited. We touch a hot 
Stove, and the pain sensation flashes to the 
spinal-cord relay station. Here it is inter- 
cepted and transmitted to the appropriate 
nerve fibers bringing about action, These at 
once impel the appropriate muscles to get 
the hot contact broken without delay. The 
interception saves the longer time it would 
take for the danger signal to reach the 
brain, and there to be transferred through a 
number of nerve paths and connections to 
the cells on the upper surface of the brain 
that ordinarily control voluntary actions. 


PAIN IS A SAFEGUARD 
Pain sensations occur in many parts of 
the body other than the skin and are mani- 


fested in different ways. The brain sub- 
stance feels no pain, but the covering mem- 
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branes do. The intestines are insensitive to 
cutting, but react painfully to twisting, pull- 
ing, or distention with gas. P: may be 
steady or intermittent, sharp or dull, shoot- 


ing or burning. Pain is usually regarded as 
something to be avoided. Actually it is a 
safeguard. It is a signal that something is 
wrong. Properly interpreted and acted 
upon, it is a safety device, a protective 
function. 

Closely related to pain are other un- 
comfortable sensations such itching, 
nausea, dizziness, and faintness. which in- 
dicate that some function is disturbed and 
needs attention. These sensations should 
be heeded, particularly if they : evere, if 


als, or 


they tend to return at frequent i 


if they are present for more than a few 
hours. 

Two substances that play a role in a 
person’s perception of pain are endorphins 
and enkephalins. These chemicals, which 
are produced in the brain, a ‘natural 


morphins”’ that are released in rest 
pain. Their release is also stimule 
certain drugs and by acupuncture 
may account for how the latter procedure 
can reduce perceived pain. J 
Drugs such as Valium, opium, and Li- 
brium work by attaching to specific recep- 
tor cells in the nervous system and blocking 
the reception of pain without affecting 
other sensations. In the late 1970°s, it was 
discovered that the natural brain-produced 
substances bind more tightly to receptor 
cells than the synthetic chemicals do. Thus, 
while pain is a signal that something is 
wrong, the brain also produces substances 
that can mediate the intensity of the pain. 


FIRST LINE OF DEFENSE 


Diseases that attack the body from 
without are met with what can be called 
defense in depth. When one defense is 
breached, another stands ready to take 
over. The first line consists of the skin and 
the mucous membranes of the body. At- 
tacking germs do not really get inside the 
body until they have penetrated either the 
skin that covers it or the mucous membrane 
that lines it. The digestive and breathing 
systems, commonly considered to be inside 


us, have parts exposed to the outside. They 
are covered with mucous membrane, which 
resists penetration. 

The defenses supplied by the skin are 
of several different kinds. A natural barrier 
is provided by the outer layers of dead, flat- 
tened cells. They may be scuffed off with- 
out damage to the body and without pain. 
The oiliness of the skin, derived from the 
sebaceous glands, makes it waterproof and 
helps to prevent germ invasion. The blood 
vessels in the skin rush blood to the men- 
aced area and thus bring to bear forces that 
fight germ progress. i 

Mucous membranes afford protection 
through the chemical composition of their 
secretions. The slightly acid saliva in the 
mouth and the more strongly acid stomach 
Secretions both help to keep bacteria at a 
Minimum. In the nose, the membranes have 
tiny cilia, or hairlike structures, which have 
a rhythmic waving motion toward the nos- 
trils, thus moving secretion, dust, and 
germs outward. 
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A valuable line of defense against injury is 
the voluntary type of response called a 
reflex action, or simply reflex. For in- 
stance, if we touch a hot iron or a flame, a 
sensory receptor in the skin records a 
sensation of pain. An appropriate impulse 
is then sent along a sensory neuron to a 
connector neuron in the gray matter of 
the spine. The impulse then passes along 
a motor neuron to the muscles that con- 
trol the movements of the hand, and as a 
result of this we withdraw our fingers 
from the heat source. This is a highly sim- 
plified version of what takes place, and 
the diagram is also highly simplified. The 
pathway of certain reflexes leads to and 
from the brain itself. 


t 


INVASION BY INFECTIOUS AGENTS 


If the skin is broken, the way is pre- 
pared for the entry of infection. Small 
breaks heal quickly, first being sealed 
against invasion by the clotted blood, which 
not only prevents hemorrhage but also con- 
stitutes a defense against infection. If, how- 
ever, infection has been introduced at the 
time of the injury, there may be a small cen- 
ter of inflammation around the affected 
area. It will become reddened. There will 
be pain or throbbing and heat. Perhaps ab- 
scesses will form. A typical abscess on the 
surface of the body is a boil. 

This is what happens when the infec- 
tion sets in. More blood is rushed to the 
point of entry, accounting for the increase 
in local temperature, and the blood brings 
with it more white cells. These do not re- 
main inside the blood vessels, but ooze 
through the thin and easily permeated capil- 
lary walls into the tissues, where they meet 
the invading organisms and attempt to en- 
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gulf and destroy them. A cross section 
through an abscess in the early stages 
shows tissues swollen with blood and mak- 
ing a protective wall around the site of en- 
try of the infection. If the infection is held 
at bay, the center of the abscess liquefies. 
In ordinary language we say it “‘comes to a 
head.” It is then ready to open. The pus 
that is discharged contains fluid serum, 
white blood cells, and bacteria, both dead 
and alive. If we open an abscess too soon, 
we may cut through the wall of protective 
inflammation and cause the infection to 
spread into deeper tissues or into the blood. 
Squeezing a pimple may produce the same 
unfortunate effects. 

The sequence of events that follow in- 
fection—increased blood flow; movement 
of fluids, blood protein, and white cells into 
the damaged area; and destruction of mi- 
crobes—is called the inflammatory re- 
sponse. It is a nonspecific defense 
mechanism, meaning that it occurs in re- 
sponse to all kinds of invading microbes. 

Interferon is a nonspecific defense 
mechanism against viral infection. It is a 
protein that inhibits viral replication and 
can be produced by several different cell 
types in the body in response to viral infec- 
tion of the particular cell. Interferon syn- 
thesis begins within hours of the onset of 
viral infection, and, unlike antibodies, in- 
terferon can enter and function inside in- 
fected cells to prevent further 
multiplication of the virus, Physicians may 
be able to administer interferon to patients 
suffering from viral illnesses to enhance 
their resistance. 

The invasion of the body by infectious 
agents—bacteria, viruses, molds—has been 
likened to war. There are local skirmishes 
at the points of attack, followed later by 
generalized battles. In this war, the cells 
and the chemical constituents of the blood, 
tissue cells, and body fluids represent the 
defending forces against the invaders. The 
white cells may be compared to the infan- 
try, which does the hand-to-hand fighting 
and which mops up after the action, Either 
the enemy is repelled or the defenders are 
overwhelmed. 


The invading bacteria direct a chemi- 
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cal attack against the body tissues. They 
produce chemical substances, called toxins, 
or antigens, or immunogens, ch may be 
damaging or even fatal. These substances 


may be picked up from the site of the local 
invasion and may be carried ‘hrough the 
whole body. They may do harm to vital 
organs, particularly the heart, the nervous 
system, and the kidneys. A loca! infection, 
such as diphtheria or septic sore throat, 
may affect the entire body, producing fever 
and a feeling of illness. 
LYMPH—A SECOND LINE © 

DEFENSE 

Suppose, however, that the body loses 
the local skirmish. The defending forces 
may be overwhelmed, or a person may 
squeeze a pimple or try amateur surgery on 
a boil. The local defenses are bypassed, and 


the invading forces make a breakthrough 
into the body. 

Fortunately, there is a se 
defense. Part of the tissue fluid 
drains through a series of vess: 
lel the veins and eventually 
lymph into two large vessels. “ 
vessels lead through collections of spongy 
tissue known as lymph nodes, which consti- 
tute traps for infection. Lymph nodes are 
Strategically placed at circulation bottle- 
necks, which correspond to the easily de- 
fended posts. The tissue fluids from the 
hand, for example, pass through lymph 
nodes near the elbow, and again in the arm- 
Pit; those from the foot, through nodes 
near the knee and in the groin. These nodes 
are filled with a special type of white blood 
cells—the lymphocytes. They may break 
down in the process of handling heavy 
infections and form abscesses, but they 
protect the main body structure and the vi- 
tal organs. An infection that has overcome 
local defenses may often be traced by angry 
red lines running from the point of injury 
up the arm or leg. These are the inflamed 
lymph vessels. There are systems of lymph 
nodes and drainage vessels that serve the 
internal organs in the same manner as the 
superficial nodes serve the extremities. } 

In certain instances of tuberculosis, 
the attack upon the lymph nodes is less V10- 


nd line of 


lent but more persistent. If all goes well, 
nodules, called tubercles, will develop. 
These nodules will trap and hold the invad- 
ing bacilli, sometimes permanently. Ulti- 
mately, y will become encrusted with 
calcium deposits. If later the body is weak- 
ened by {atigue, malnutrition, or further in- 
fection, the walls of the nodules may break 
down, ! sing the imprisoned bacilli. This 
may take place many years after the first 
attack. 
CHEMIC DEFENDERS 

In trast to the nonspecific defense 
mechar another defense system, 
called specific immune mechanisms, re- 
sponds to foreign substances that the body 
previou has been exposed to. These for- 
eign substances are called antigens. Reac- 
tion to these antigens involves the 
production of chemical defenders called 
antibodi Antibodies are produced by the 
lymph tissue. 


gen, the body produces a specific antibody. 
The antibody then combines with the anti- 
gen in a lock-and-key type arrangement. 
This combination of antigen and antibody 
can have two results. First, antibodies di- 
rectly neutralize some viruses or bacterial 
toxins. Second, the antigen-antibody com- 
plex triggers an inflammatory response by 
interacting with a series of blood plasma 
proteins called complements. The antigen- 
antibody complex activates these comple- 
ments and thereby starts a sequence 0 
events ultimately resulting in phagocytosis, 
or the engulfment of the invading organism 
by phagocytes such as white blood cells. 

In addition to antibodies secreted by B 
cells, the specific immune system also in- 
volves a population of lymphocytes called 
T cells. There are three main subsets of T 
cells, each described by its functions. Cy- 
totoxic T cells eliminate virus-infected 
cells. Suppressor T cells have a regulatory 
effect on the immune system. Helper T 
cells assist antibodies and antibody-pro- 
ducing B cells. z 

T cells become sensitized to a specific 
antigen once they are exposed to that anti- 
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Smallpox vaccinations are given to people travel- 
ing to regions where the disease is still known to 
occur—very few regions now, thanks to highly suc- 
cessful public health and vaccination programs at 
work around the world. 


gen. When the T cells later encounter the 
same antigen, they combine with it. B cells 
are located in the lymphoid organs and se- 
crete antibodies that interact with antigens. 
In contrast, T cells travel to the invasion 
site and combine with antigens. 

A recently discovered health problem 
associated with a breakdown of the specific 
immune system has received widespread 
public attention. Acquired Immune Defi- 
ciency Syndrome (AIDS) patients have nor- 
mal or elevated levels of B cells and 
antibodies. The number of suppressor T 
cells seems unaffected, but the number of 
helper T cells and cytotoxic T cells is low. 


DEFENSES OF THE BODY 


257 


258 


Overall, the immune system is held back 
from attacking foreign organisms. As a re- 
sult, many victims of AIDS develop several 
diseases, including a cancer of the skin or 
internal organs called Kaposi’s sarcoma or 
an unusual variety of pneumonia. 

At present, AIDS appears to be conta- 
gious—passed on by “‘intimate contact” 
such as a shared drug needle or sexual in- 
tercourse. Epidemiological studies indicate 
that four groups are at high risk of catching 
AIDS—male homosexuals, intravenous 
drug users, Haitian-born residents of the 
United States, and hemophiliacs. 


IMMUNIZATION 


There are various kinds of immunity, 
or protection from disease. If it occurs as a 
result of having a disease and overcoming 
it, it is called natural immunity. If it is ac- 
quired by a man-made procedure, it is 
called artificial immunity. 

Types of immunity that depend upon 
stimulation of the body’s own defenses are 
described as types of active immunity. Such 
immunity may last for many years. The 
substances used to provide lasting immuni- 
zation are antigens. Some, used in protect- 
ing against smallpox and rabies, are virus 
vaccines, containing living, but greatly 
weakened, viruses. Some are bacterial vac- 
cines—killed bacteria in suspension. Some, 
called toxoids, are greatly weakened tox- 
ins. All have the property of stimulating 
body tissues to form antibodies against the 
disease-producing agent. All provide ac- 
tive, artificial immunity. 

In another type of immunity—termed 
passive immunity—the body’s defensive 
mechanisms are not stimulated. Rather, the 
chemical defenders—the antitoxins—are 
administered directly into the body. Sup- 
pose that a child exposed to serious disease 
has not had previous immunization. Then, 
as in diphtheria, we may give the child a 
preventive injection of diphtheria antitoxin. 
Passive immunity is only temporary. 

Some persons find it hard to distin- 
guish among vaccines, toxoids, serums, 
and antitoxins. A vaccine is prepared from 
a virus or a culture of bacteria. A toxoid is 

prepared from the liquid culture medium in 
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The practice of vaccination started with Edward 
Jenner, here shown vaccinating a baby against 
smallpox, 


which bacteria or viruses have grown and 
produced their toxins. A serum is ihe liquid 
portion of human or animal blood that con- 
tains immunizing substances. An antitoxin 
is the purified immunizing a derived 
from a serum. Use of serums is decreasing 
because of the danger that they may trigger 
allergic attacks. 

Man has taken advantage of the slowly 
unfolding knowledge of natural immunity 
provided after recovery from disease. An 
English country doctor, Edward Jenner, 
led the way in 1798 with his famous Inquiry 
into the Cause and Effects of the Variolae 
Vaccinae (cowpox). In this monograph he 
showed how he could prevent smallpox by 
vaccination—that is, by inoculation of the 
patient with cowpox. Nowadays the prac- 
tice of vaccination is universal, and small- 
pox exists only in very isolated regions 
where vaccination is neglected. The same 
basic principle, with variations in detail, 1$ 
used in immunizing children against diph- 
theria, whooping cough, tetanus, polio, flu, 
and rubella. In areas where water supplies 
may be contaminated, typhoid vaccination 
may be advised. Persons traveling into cef- 


In some ca 

bone hea 

the healing of the lower leg bones. 

tain are particularly in the tropics, 


Asia, and the Middle East, may also be 


advised or required to be vaccinated against 
cholera, typhus, yellow fever, or other 
diseases occurring in those areas and for 
which there is available protection. 
Certain diseases can be warded off by 


individual immunization, but not on a mass 
basis. For example, until recently measles 
was preventable only by immunizing with 
gamma globulin, or GG. Measles was SO 
prevalent, however, and the supply of GG 
so limited, that mass advance immunization 
was impracticable, even if the GG measles 
immunity were lasting, instead of being lim- 
ited to a few weeks. Now, a practical mea- 
ep vaccine for mass immunization is avail- 
able. 


GENERAL INFECTIONS 


R Some infections are sO massive or SO 
violent that they immediately overwhelm 
all local and secondary resistance and enter 
the blood stream. In some cases infection is 
introduced directly into the blood. Unless 
there has been previous immunization, 
such general infections, as they are called, 
are often serious and sometimes fatal. They 


General Electric 


there is complete recovery from disease or injury. For example, 
| and full function is generally restored. We show three stages in 


include rheumatic fever, typhoid fever, and 
chronic infection of the heart valves by a 
streptococcus. They may be overcome by 
the body’s own immunity mechanism, 
through the gradual development of anti- 
bodies. The course of the disease indicates 
the struggle between infection and re- 
sistance. The result is recovery, death, or 
chronic disease. 


RECOVERY 


Even when the patient has recovered, 
certain organs Or tissues may have been 
more or less seriously damaged. In such 
cases, the body may continue to function 
quite well, as long as there are no unusual 
stresses. Scarlet fever, for example, before 
modern drug treatment, frequently did seri- 
ous injury to the kidneys, destroying some 
cells and damaging others. Under proper 
treatment, recovery would take place in 
some instances. If the injury to cells had 
not been too great, they would recover and 
resume their function. The cells which had 
been killed would be partially replaced by 
other cells of similar character or by fibrous 


scar tissue. 
If the end result of the healing process, 
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following disease, injury, or surgical remoy- 
al, leaves too much scar tissue and too little 
cell replacement, there is limitation of func- 
tion. There is a final line of defense, even 
against such limitation. There is so much 
tissue reserve that in many cases there will 
be enough functioning tissue to meet the 
ordinary needs of the body. As a result, 
many persons with damaged organs or tis- 
sues may live long and well by exercising 
due care and remaining under competent 
medical supervision. 

Many tissues are replaceable after in- 
jury. Muscles, skin, and even bone heal 
well, and full function is restored except in 
very severe injuries. Vital organs such as 
the heart have a high rate of recovery after 
serious injury, as from diphtheria toxin, 


Once a new vaccine against a disease is developed, 
it is thoroughly tested and then quickly made avail- 
able throughout the world. Here a technician fills 
vials with a new vaccine. 
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rheumatic fever, or even a heart attack, 


There is much more kidney er sub- 
stance than is required for or ry living. 
The mucous membranes of the iungs, stom- 
ach, intestines, and other internal organs 
are still able to carry on ai ey have 
been extensively damaged. 

To some extent, certain organs may 
even take over the activity hers that 
have been impaired. The stc h can be 
almost completely removed ligestion 
still goes on in the intestine h hardly 
diminished efficiency, if a fey ng habits 
are modified. Removal or fai of glands 
can now be remedied by lying the 
hormones they would nor: secrete, 
Thyroxin feeding by mouth insulin re- 
placement by injection are p nent ex- 
amples. 

The more specialized ti are not 
replaceable by healing, onc ey have 
been destroyed. When the ner f hearing 
is gone, that function is lost f r. Vision 
is lost when the optic nerve estroyed. 
When cells of special sense 1 »s and of 
the brain and spinal cord are ki they are 
not replaced by other nerve is but by 
scar tissue. Thus when a brain area con- 
cerned with a certain function, such as 
muscle control in the hand or the foot, is 
destroyed, the hand or foot will be para- 


lyzed, unless other muscles can take the 
place of the lost muscle. It is true that 
sometimes recovery or at least partial re- 
covery may occur after a brain injury, but 
this is because the nerve cells have not 
been destroyed, but only injured. 

Many nerve cells have long filaments 
carrying impulses to a distant point or 
bringing them from that point. If such a 
filament is cut but the cell remains intact, 
function will return when a new filament 
has grown along the path of the injured one. 

In the healing process involving the 
less specialized tissues, new cells are 
formed only to the extent that the tissue is 
made whole again and resumes its function. 
In the normal individual, regrowth and 
Scarring seldom get out of control. In a few 
instances a scar may form a thick structure 
called a keloid, which can usually be cor- 
Tected by plastic surgery. 


THE NERVOUS SYSTEM 


by J. Fremont Bateman 


Of ai! the systems of the human body, 
the nervous system is the most highly de- 
veloped and most complex. It keeps us in 
contact ) our environment, tells us what 
we see, and distinguishes between the vari- 
ous sol that we hear. It informs us 
when we are tired and need rest or sleep, 
when w e hungry and need food, when 
we are too hot or too cold. It regulates the 
functios the other systems of the body, 
usually independently of our will. It keeps 
us in equilibrium. It controls the muscles of 
our ari ands, and fingers so that we can 
button a garment, or write a letter, or use a 
knife anc fork at the table. It is responsible 
for our thinking, our behavior, our feelings 
and attitudes, our likes and dislikes. 

We can think of the nervous system as 
a communication network strung through- 


out the body. The “wires” of this system — 
the nerve fibers —carry “messages.” These 
are in the form of impulses from sensitive 
areas on the surface of the body or inside it 
to the central nervous system. The central 
nervous system is made up of the brain and 
spinal cord. From the central nervous Sys- 


Photo of nerve fibers and knobs of a sea snail taken 
through a scanning electron microscope. The syn- 
aptic knobs pass impulses from one nerve cell to 
another in the network. 
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tem the nerve fibers transmit impulses to 
muscles and glands. 


THE NERVE CELL, OR NEURON 


The basic unit of the nervous system is 
the nerve cell, or neuron. It consists of a 
cell body, containing a nucleus, and a num- 
ber of fine, threadlike processes extending 
from the cell body. There are two kinds of 
processes: dendrites and axons. 

Each nerve cell generally has a number 
of dendrites. These are short and often 
branch repeatedly so that they form a sort 
of bush around the cell body. The other 
kind of nerve-cell process—the axon—is 
usually long and very thin. It is often less 
than 0.01 millimeter in diameter. Each cell 
has only one axon. This may extend for a 
distance of only a few centimeters, or it 
may run all the way from the spinal cord to 
the tip of a toe or finger. Certain axons give 
off a few small branches near the cell body. 

In the central, or cerebrospinal, ner- 
vous system, all the cell bodies are gathered 
together in the brain and the spinal cord. 
The cell bodies form the gray matter of 
these two organs. 

The axon of each neuron forms a single 
nerve fiber. Certain fibers connect various 
neurons with one another. The individual 
cells make contact through their processes. 
The axon of one cell branches toward its 
end, and these branches are directed toward 
the dendrites of another cell. The junction 
between the axon of one nerve cell and the 
dendrites of another is called the synapse. 
A message that has traveled along the axon 
of one cell crosses the junction to the den- 
drites of another cell and then is relayed by 
the axon of the second cell to a third cell. 


NERVE FIBERS 


Nerve fibers that transmit impulses 
from various parts of the body to the brain 
or spinal cord are called afferent fibers 
(from the Latin afferre, meaning “to carry 
to or in”), or sensory fibers. The fibers 
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ing the net charge of the cell interior to pos- 
itive. The great influx of sodium ions dis- 
rupts the sodium pump momentarily. As 
more and imore sodium ions enter the cell, 
the charge on the outside of the cell 
changes io negative. This process occurs 
stepwise throughout the length of an axon 


in nonmyelinated cells. In this way the 
nerve impulse travels from the nerve cell 
body down the length of the axon to its end. 

In myelinated cells, the impulse is 
transmitted in leaps from one node of Ran- 
vier to the next. This mode of impulse 
transmission is called saltatory propaga- 
tion. It is usually much faster than the step- 
wise process. 

The axon carrying the impulse ends in 
several terminal fibrils. At the ends of these 


fibrils, or knobs, there are special structures 
called synaptic vesicles. These vesicles 
contain a substance that transmits the im- 
pulse from the end of the axon across the 
synapse to another nerve cell. Acetylcho- 
line is a common transmitter substance. 

The acetylcholine flows into the gap, 
or synaptic cleft, between the two nerve 
cells. It then becomes bound to special re- 
ceptor sites on dendrites of the second 
nerve cell. This triggers changes in the den- 
drite membrane and the processes by which 
a nerve impulse is transmitted are again 
started. The impulse has been transmitted 
from one nerve cell to another. 


REFLEXES AND REFLEX ARCS 


In some cases, when receptor organs 
are stimulated, there is an involuntary mus- 
cular contraction or glandular secretion, 
known as a reflex. The impulse that results 
from such stimulation is carried to the cen- 
tral nervous system—to the spinal cord or 
to the brain by way of the spinal cord —and 
is transmitted to a muscle or a gland. The 
complete path of the impulse is called the 
reflex arc. 

_ In its simplest form a reflex arc con” 
sists of three parts. (1) The afferent limb 
consists of the receptor organ (the eye, Say, 
or the ear or the skin) that gives rise to the 
impulse and the neuron whose processes 
carry the impulse to the central nervous 
system. (2) The reflex center, in the gray 


matter of the central nervous system, is 
made up of the central process (axon) of the 
afferent neuron and its junction with the 
cell body of the efferent neuron. (3) The 
efferent limb consists of the efferent neuron 
and its processes, which carry impulses 
from the central nervous system to a mus- 
cle or gland. Generally, other neurons are 
interposed between the afferent and effer- 
ent neurons. Some reflex arcs are very 
complex, involving a number of different 
muscles. 

Conduction over complete reflex arcs 
differs in several respects from conduction 
along single nerve fibers, since a reflex arc 
is made up of a number of nerve cells con- 
nected end to end. For one thing, the all-or- 
none principle does not apply here, for the 
stronger the stimulus, the more vigorous 
may be the response. Reflex conduction 
over the entire arc is slower than that in 
single nerve fibers. This is because the 
impulses passing around a complete reflex 
arc are not only conducted by nerve fibers 
but must also pass through a smaller or 
larger number of cell bodies and synapses. 
The electrical and chemical conductions at 
the synapses are very different from those 
along a continuous fiber. 

There are various kinds of reflexes. 
The knee jerk, a short twitch of the knee 
extensor muscle, is caused when one taps 
the tendon at the kneecap. There is the bi- 
ceps jerk, produced when the biceps tendon 
is tapped. There is muscle tonus, which is 
the continuous partial contraction of the 
muscles that maintain good posture, 

Certain reflexes represent inherited 
connections and characteristics and do not 
depend upon our personal experience. 
They are called unconditioned, Others, 
known as conditioned reflexes, are based, 
in part at least, upon previous experience. 
The following example will show the differ- 
ence between the two kinds of reflexes. 

When food enters the mouth, it stimu- 
lates various nerve fibers and leads to a 
plentiful secretion of saliva from the sali- 
vary glands. This secretion represents an 
unconditioned reflex. There are times, 
however, when the secretion of saliva is a 
conditioned reflex. Before we actually put 
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food in our mouth, we see it and smell it. We 
come to associate its appearance and odor 
with its taste. As a result, when we see and 
smell food that we like, even though we do 
not actually taste it, saliva is secreted as 
before, and our mouths will water. In this 
case, the secretion represents a conditioned 
reflex. Conditioned reflexes vary in dif- 
ferent individuals. 


THE CENTRAL NERVOUS SYSTEM 


The brain and the spinal cord, as we 
have seen, make up the central nervous 
system. All stimuli coming to receptors 
from the surface or inside the body are reg- 
istered here, and all the responses that 
bring about movement or secretion origi- 
nate here. Both the brain and the spinal 
cord are protected by bony structures: the 
brain by the skull, the spinal cord by the 
spinal column, or backbone. They are also 
protected by certain membranes, called the 
meninges, which we shall describe later. 


THE BRAIN—LARGE AND COMPLEX 


The brain is the largest and most com- 
plex part of the entire nervous system. Its 
average weight is about 1,360 grams in man 
and 1,250 grams in woman. The weight of 
the brain does not necessarily indicate the 
state of one’s mental development. Some 
eminent persons have had brains weighing 
less than the average. A person with a small 
head but well-developed brain cells may 
possess far more intelligence than a person 
with a large head and a heavy brain, 

The brain consists of a brainstem 
which is a continuation of the spinal cord, 
and certain structures, such as the cere- 
brum and the cerebellum, that have de- 
veloped from the brainstem. The brainstem 
is divided into three parts: the hindbrain, 
the midbrain, and the forebrain. A narrow 
canal runs within the stem. It is filled with a 
liquid called cerebrospinal fluid. The brain- 
stem does not differ greatly in the various 
vertebrates, including man. What distin- 
guishes man particularly from all other ver- 
tebrates is the tremendous development of 

the cerebrum, an outgrowth of the fore- 
brain, and the cerebellum, an outgrowth of 
the hindbrain. 
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THE CEREBRUM 


The cerebrum is by far the ‘argest part 
of the brain, accounting for ab four fifths 
of the total weight of that organ. It is made 
up of two sections, called he: heres, As 
a matter of fact, the name < ral hemi- 
spheres is often used as an « alent for 
cerebrum. Each of the hemi es is di- 
vided, in turn, into four par nown as 
lobes—the frontal, parietal, ral, and 
occipital lobes. 

The surface of the cere ı is made 
up of thin layers of nerve tissi lled gray 
matter. This consists of neur Il bodies, 
dendrites and nonmyelinate: ons, and 
supporting cells, which are known as neu- 
roglia. The gray effect is due color of 
all these structures. 

The gray matter making u surface 
of the cerebrum is known a cerebral 
cortex. It shows an intricate series of folds, 
called convolutions, which might be com- 
pared to an endless succession ot hills and 
valleys. The hills are called gyri- the shal- 
low valleys, sulci; the dé valleys, 
fissures. 

Underneath the gray matter is the 
white matter which makes up bulk of 
the cerebrum. It consists of nerve fibers 


coated with myelin, which accounts for the 
white matter, which makes up the bulk of 
the surface downward, from the front back- 
ward, and from side to side. Still deeper 
within the two hemispheres of the cere- 
brum is some more gray matter. The neu- 
rons it contains serve as relay stations in 
the nerve pathways that lead to and from 
the cerebral cortex. 

The remarkable development of the 
cerebral cortex accounts for the human 
ability to learn, to modify behavior as a re- 
sult of experience, and to engage in abstract 
reasoning. If the cortex does not develop in 
a human being, he becomes incapable of 
learning and reasoning. Before the cerebral 
cortex can perform many of its functions, it 
must be awake, or conscious. A special sys- 
tem of nerve fibers going to the outer layer 
of the cortex produces this state of alert- 
ness, or wakefulness. 

Different areas of the cerebral cortex, 


when awake, perform different functions. 
The motor area, giving rise to impulses that 
cause muscular movements, is found in the 


rear pari ©! the frontal lobes. It is made up 
of the gry matter immediately in front of 
the cent: fissure, or the fissure of Rolan- 
do, that separates the frontal and parietal 
lobes. 1 upper part of the motor area 
contro vements of the toes and feet. 
Below ‘his, in order, are areas controlling 
moveme ‘s of the legs, thighs, trunk, arms, 
hands, {iy sers, mouth, lips, tongue, throat, 
and larynx. The size of a given motor area 
depends upon the complexity of the mus- 
cles whose movements it regulates. For 
example. {he area concerned with move- 
ments o" ‘he face is much larger than that 
which governs foot movements. 

The motor area of the cerebral cortex 
controls croups of muscles on the opposite 


side of the body. Thus, if the upper part of 
the left { ontal lobe’s motor area is injured 
or becomes diseased, the movement of the 
toes and feet on the right side of the body 
are affected. This is because the nerve path- 
ways in the brainstem cross over to the 
Opposite side. The cranial nerves—nerves 
arising from the brain—do not cross over. 
Hence the face, head, and neck are affected 
on the side on which a brain injury occurs. 
The sensory areas of the cerebrum 


C. Nuridsony 


Motor neuron of the spinal cord of a cat as seen 
through a microscope. 


receive sensations from all parts of the 
body. They are scattered throughout the 
cortex of the parietal, temporal, and occipi- 
tal lobes. The areas receiving general sen- 
sations of warmth and cold, touch, and 


ILLUSTRATION OF A REFLEX ARC 


A diagram of a simple reflex arc. 
An impulse is received at a skin 
receptor site and is transmitted 
along a sensory nerve fiber to 
the spinal cord. There the im- 
Pulse is transmitted along an 
associative nerve cell to a motor 
Nerve cell. From the body of the 
motor nerve cell the impulse is 
then transmitted to a muscle 
fiber, stimulating a muscular 
response. 


Motor neuron 


Associative Neuron 


Sensory neuron 


Sensory conduction 
\ to the spinal cord 


a 


Motor conduction 
from the spinal cord 
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Top: view of the outside of the side of the human 
brain. Bottom: longitudinal cut of the brain, show- 
ing some of the internal structures. 


pressure are located in the foremost part of 
the parietal lobe. Each area receives im- 
pulses from the opposite side of the body. 
The visual receptive area, which receives 
impulses relating to sight, is located in the 
rear part of the occipital lobe. The auditory 
receptive area, which receives all impulses 
concerned with hearing, is in the forward 
and upper part of the temporal lobe. The 
olfactory area and the gustatory area are 
located in the base of the frontal and tempo- 
ral lobes. 

None of the cortical areas of the cere- 
brum seem to be sensitive to pain. We feel 
no pain at all if any area of the cortex is cut 
or even if it is removed in an operation. The 
membranes that cover the brain, however, 
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contain many pain fibers, and these must be 
anesthetized for neurosurgery pparently 
general sensations of pain are recorded in 
the prefrontal cortex and in the thalamus, 
which is in the forebrain. The cerebral 
cortex serves to let the sufferer know just 
what part of the body is being painfully 
stimulated. i 

The association areas of the cerebral 
cortex make up by far the largest part of the 
frontal and parietal lobes and a good deal of 
the temporal and occipital lobes. We cannot 
assign any definite motor or sensory func- 
tions to these parts. Rather, they deal with 
the internal activities of the brain. They 
are concerned with our most advanced 
mental faculties — learning, reasoning, mem- 
ory, imagination, and personali 

In the association areas, separate sen- 
sations are combined and interpreted so as 
to form a meaningful impression When you 
pick up an apple, for example. à train of 
separate impulses is set in motio Certain 
impulses from the retina of the eye provide 
the brain with information about the size, 
shape, and color of the object you are han- 


dling. Other impulses from certain sensitive 
areas of the fingers inform the brain that the 
object is smooth and solid. Still others from 
the olfactory area of the nose convey the 
information that the object has a distinctive 
odor. 

You are not aware of the separate 
nerve impulses that arise when your senses 
are stimulated by such an object. Yet each 
impulse travels along the sensory nerve 
that is involved as a special message to the 
brain. In the association area, each impulse 
is compared with memories of other im- 
pulses received in the past. Finally the 
brain makes the necessary interpretation of 
the data that have reached it. You become 
aware of the fact that the object that you 
see, handle, and smell is an apple. 

The association areas are probably 
concerned with the symbols that make up 
written and printed words, speech, and 
thought processes in general. When these 
areas are injured or disturbed, a condition 
called aphasia sometimes results. There 
are various types of aphasia. In one kind, 
the patient is able to move his lips and 


tongue but cannot speak. In another kind, 
he is able to hear but cannot understand the 


meaning © spoken words. In still another, 
he cannot understand printed or written 
language. ‘ough the sense of sight remains 
unimpaired. All these conditions are due to 
faulty interpretation in the cerebral cortex. 
THE CERS ELLUM 

The cerebellum is in the rear part of 
the skul! cavity. It is more or less oval in 
form and is composed of three parts. The 
small cesta! part is called the vermis. The 
two large sections on either side of the 
vermis are known as the cerebellar hemi- 
spheres 

The surface of the cerebellum consists 
ofa very ihin layer of gray matter—the cer- 
ebellar © viex, Underneath it lies the white 
matter, consisting of large bundles of nerve 
fibers. 


The cerebellum is considered to be the 
unconscious motor coordination center of 
the brain. responding to reflexes as well as 
to cortically planned movement. It helps us 


to mainisin our balance at all times, telling 
us whether we are standing, walking, or 
lying down. By finding the right muscles, it 


assists in controlling all body movements. 
Were it not for the cerebellum, if you 
reached out your hand for something, it 
would go beyond or to one side of the mark. 
The equilibrium of the body is disturbed 
when the cerebellum is diseased or injured. 
The sufferer is unable to co-ordinate the 
muscle movements involved in performing 
a given act. However, no real paralysis 
takes place. Only central control is im- 
Paired. 


THE BRAINSTEM 


The brainstem includes the midbrain, 
the medulla, ad the pons. 

The midbrain. The midbrain—a part of 
the brainstem—lies between the cerebrum 
and the cerebellum. It serves as a pathway 
for nerve fibers leading to and from various 
areas of the brain and spinal cord. It also 
controls certain reflexes having to do with 
sight and hearing. Thus it constricts the 
pupil of the eye when we pass from a dark 
room to a lighted room. 


Internal view 


1 Olfactory area 

2 Olfactive memories 

3 Visual area 

4 Area of visuopsychic association 
5 Motor areas 

6 Somatosensory area 

7 Somatopsychic area 


External view 


1 Motor area 
2 Somatopsychic area 
3 Tactile memories 
4 Speech blind area 
5 Area of visuopsychic association 
6 Visual area 
7 Tasting area zone 
8 Psychomotor area 
9 Agraphia center 
10 Acoustic area zone 
11 Speech deaf area 


Diagrams showing sensory and motor areas of the 
brain. 


The medulla. The medulla, or medulla 
oblongata, is the part of the brainstem at 
the very base of the brain. It represents the 
continuation of the spinal cord. Though it 
is very small—about 2.5 centimeters long 
and one centimeter thick—it is a very im- 
portant part of the central nervous system. 
It is a crossing place for nerve fibers con- 
necting the other parts of the brain with 
the spinal cord. It controls respiration, regu- 
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Diagram showing the connections of the spinal 
cord and the brain. 


lates the heartbeat, and causes blood ves- 
sels to constrict or expand. Its impulses 
upward produce a state of consciousness. 
Because of the great number of vital cen- 
ters packed in the medulla, an injury or 
disease that affects an area no larger than 
a pinhead may cause alarming damage to 
the whole system. 
The pons. The pons is a bulge in the 
brainstem above the medulla. It contains 
the motor conduction paths connecting the 
cerebral cortex to the cerebellar hemis- 
pheres. It also serves as a bridge between 
the two hemispheres of the cerebellum and 
between the medulla and the cerebrum. 
Disease or injury to this part of the brain 
results in an impairment of the motor tracts 
leading from the brain to the spinal cord 
and, consequently, impairment of the asso- 
ciated motor functions, This means that 
if the pons is diseased or injured, it causes 
varying degrees of paralysis in the arms or 
legs on one or the other side of the body. 
In certain instances, the nerves of the face 
may be seriously affected. 
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THE SPINAL CORD 


The spinal cord is a long, cylindrical 
mass of nerve tissue lying in the spinal ca- 


nal. Its average length is about 45 centime- 
ters in the adult male and abou: 42 centime- 
ters in the adult female. It makes up only 
about two per cent of the weight of the cen- 
tral nervous system. It is surrounded and 
protected by the meninges and by the bony 


walls of the spinal canal. X 
The spinal cord is not perfectly cylin- 


drical in shape but is somewhat flattened. 
Its diameter is not uniform. There are two 
pronounced enlargements — ervical, in 
the upper part of the cord, and the lumbar, 
in the lower part. 

Like the brain, the spina! column has 
both gray matter and white matter. In the 
spinal cord, however, the gray matter is on 
the inside, the white matter on the outside. 
In a cross section of the cord, the gray mat- 
ter forms a rough sort of letter H, surround- 
ed by white matter. 

The gray matter serves as a important 
reflex center, receiving impulses carried 
along a vast number of sensory fibers. In 
many cases, reflex action is produced with- 
out the assistance of the cells in the brain. 


This is true of many involuntary move- 
ments of the arms and legs. The more com- 
plex the movement, the greater is the need 
for assistance from the higher centers in 
the brain. The gray matter is also a central 
switching station for nerve impulses com- 
ing into the cord and leaving it. The nerve 
cells in this area, under the control of the 
cerebellum, permit a smooth, purposeful 
movement in a group of several muscles, 
such as a coordinated movement of both 
arms. 

The white matter of the spinal cord 
consists of thick bundles of nerve fibers, 
coated with myelin. The white matter is 
divided into a left half and a right half by 
two fissures running down the front and 
back of the cord. Each half is made up, in 
turn, of three distinct bundles of nerve 
fibers, forming columns, or funiculi. Those 
in front are called anterior; those at the side, 
lateral; those at the back, posterior. — 

Some of the fibers in the funiculi carry 


impulses up the cord to the brain. They are 
found in t osterior columns. The senso- 
ry impul iat begins, let us say, in the 
finger, is «: ‘ried by a nerve fiber to cells in 
the gray miter of the cord. From there it is 
relayed | e fibers of the white matter to 
the gray i ‘ier of the brain. Other bundles 
of fibers y impulses from the brain to 
the moto: cells of the spinal cord. These 
fibers are ound in the anterior columns 


and, to rtain extent, in the lateral col- 


umns. In ses from the brain—the motor 
impulses. begin in the gray matter of the 
brain, descend through the white matter of 
the brair d cord, and end in the motor 
cells that to be found in the gray matter 
of the cc 
THE MEN iES 

The în and spinal cord are envel- 
oped in e membranes, called the men- 
inges. T neninges provide a framework 
that supports and protects the brain and 
spinal ¢ The innermost of these mem- 
branes is the pia mater; the outermost, the 
dura mater. Between these two membranes 
is the arachnoid. 

The pia mater is a thin, delicate struc- 


ture, adhering closely to the surface of the 
brain and spinal cord. It serves as a sup- 
porting cover for the brain and cord and 
also carries the blood vessels that supply 
the outer surfaces of these two areas. 

The arachnoid is thin, like the pia ma- 
ter. It is separated from the latter by a 
Space containing a watery fluid—the cere- 
brospinal fluid. This fluid is transparent and 
has a slightly yellowish tinge. It varies in 
quantity in different individuals and in dif- 
ferent diseased conditions. The cerebrospi- 
nal fluid acts as a cushion, protecting the 
brain and spinal cord from injury. It also 
serves somewhat as a nutrient medium for 
the nerve cells. 

The dura mater is the outermost of the 
three meninges. It adheres closely to the 
bones of the skull. In the spinal column, it 
hangs rather loosely. It is not attached to 
the surrounding bones of the spinal canal as 
it is to the bones of the skull. In the skull, 
the dura mater is a thick double membrane. 
Its inner layer forms partitions that dip 
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The meninges protect and support the brain and 
spinal cord. Cerebrospinal fluid is found between 


the arachnoid and pia mater. 


between the larger subdivisions of the 
brain. Between these partitions, and be- 
tween the two layers of the dura mater, are 
enclosed large sinuses, or hollows. Venous 
blood from the brain collects in these sinus- 
es before it leaves the brain. 


PERIPHERAL NERVOUS SYSTEM 


Forty-three pairs of nerves lead from 
the brain and spinal column to other parts 
of the body. These cerebrospinal nerves 
make up the peripheral nervous system. 
The sensory fibers extend to the skin, mus- 
cles, and joints and also to various sense 
organs. The motor fibers extend to muscles, 
glands, and blood vessels. 

Cranial nerves. There are twelve pairs 
of cranial nerves leading from the brain. 
The first four pairs are attached to the 
cerebrum; the last eight pairs, to the hind- 
brain. They supply almost exclusively the 
area about the head, face, and upper part 
of the neck. Their names and functions are 
as follows: 

(1) Olfactory —smell. 

(2) Optic — sight. 

(3) Oculomotor — movement of eyes. 
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(4) Trochlear— movement of eyes. 

(5) Trigeminal — movement of jaws; 
sensations about the face. 

(6) Abducens — movement of eyes. 

(7) Facial—muscles of the face; 
taste (front part of tongue). 

(8) Auditory — hearing and 
equilibrium. 

(9) Glossopharyngeal — sensation 
and movement of muscles 
around the throat; taste (back 
part of tongue). 

(10) Vagus— motor to heart, larynx, 
esophagus, stomach, and 
intestines; sensations from 
chest and abdomen. 

(11) Spinal accessory—movements of 
the neck and shoulder. 

(12) Hypoglossal— movements of the 
tongue. 

Spinal nerves. Thirty-one pairs of 
nerves originate in the spinal cord. Each 
of these nerves is attached to the cord by 
two roots. One is the afferent, or posterior, 
root, which enters the cord at the rear. 
The other is the efferent, or anterior, root, 
which issues from the front part of the 


Cross section of the spinal cord. The gray matter 
forms a rough H surrounded by white matter. Gan- 
glia, or masses of nerve tissue, link the autonomic 
nervous system with the central nervous system. 
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CROSS SECTION THROUGH THE 
HUMAN SPINAL CORD 
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cord. The spinal nerves are 
groups and are named after t 
the spinal cord from which 

as follows: 

(1) Cervical —eight pairs. 

(2) Thoracic—twelve pairs. 

(3) Lumbar —five pairs. 

(4) Sacral — five pairs. 

(5) Coccygeal —one pair. 

The nerves of the first for 
groups are further identified | 
Thus we refer to the second ce 
fifth thoracic and third lumbar. 

In many cases, groups of spinal nerves 
form networks, called plexuses. Among the 
most important of these are the cervical, 
brachial, and lumbosacral plexuses. 

The cervical plexus, lying in the upper 
neck, involves divisions of the first four 
cervical nerves. It supplies nerves to the 
skin of the head and neck and the muscles 
of the tongue, neck, and shoulde 

The brachial plexus, formed chiefly by 
elements of the last four cervical and first 
thoracic nerves, lies in the lower neck. It 
supplies the chest, shoulder, and arm. 

The lumbosacral plexus is made up of 
divisions of the lumbar, sacral, and coccy- 
geal nerves and supplies the lower body 
and the legs. 

The nerves that lead from plexuses 
such as those that are mentioned above 
receive distinctive names. 


AUTONOMIC NERVOUS SYSTEM 
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numbers. 
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In addition to the central, or cerebro- 
spinal, nervous system and the peripheral 
nervous system, there is an autonomic ner- 
vous system. It is so called because it is self- 
acting and not under the control of the 
“will”—a function of the higher cortical 
centers. ‘ 

The autonomic nervous system is 4 
built-in control, acting upon smooth mus- 
cles and glands. It services structures 
such as the alimentary canal, lungs, heart, 
glands, and urinary bladder and keeps them 
functioning properly. If it were not for the 
autonomic nervous system, life would be- 
come impossibly complicated. Our atten- 
tion would have to be devoted at all times 
to such matters as speeding up or slowing 


down the heartbeat, bringing about secre- 
tion from different glands in the body, 
checking secretions, and dilating or 
constricti ye pupil of the eye. 

The ynomic system is made up of 
two divisions—the sympathetic and the 
parasymphetic. In both, ganglia, or 
masses tissue containing nerve-cell 
bodies, se: "e as connecting links between 
the centra! nervous system and the body 
structure served by the autonomic system. 
In the syo:pathetic division, the ganglia 
form two series of chains, one on either 
side of the vertebral column. In the para- 
sympathetic division, the ganglia do not lie 
along the svine but are distributed within or 
near the orsans upon which the nerves act. 
The proc sses arising from nerve-cell bod- 


ies in these ganglia have no myelin cover- 
ing, but sly a connective tissue sheath. 
The ‘wo divisions of the autonomic 


system ac) in opposite ways on each organ. 
Generally ‘he sympathetic division stimu- 
lates body activities so as to satisfy in- 


creased demands. The parasympathetic, on 
the other kand, acts somewhat like a brake. 
For example, the sympathetic speeds up 
the heartbeat and causes secretion from the 
adrenal gland. The parasympathetic slows 
down the heartbeat and checks secretion 
from the adrenal. In certain cases, how- 
ever, these roles are reversed. Thus it is the 
parasympathetic division that brings about 
secretion from the salivary glands, while 
the sympathetic checks this secretion. 


NERVOUS SYSTEM DISORDERS 


The diseases of the nervous system— 
those affecting the brain, spinal cord, and 
herves of the body —form the subject matter 
of the branch of medicine called neurology. 

Acute infections of the nervous system 
may be caused by the action of various bac- 
teria and viruses. These infections may 
spread to the nervous system from other 
parts of the body, or they may enter the 
System directly through the bloodstream. 
Syphilis, an infection caused by bacteria 
known as spirochetes, often attacks the 
brain in the later stages of the disease. It 
may bring about general paresis, which is a 
paralysis marked by loss of reason and 
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Diagram showing the connection of the brain, spi- 
nal cord, and peripheral system nerves. 

memory, speech disturbance, and increas- 
ing muscular weakness. Bacteria are often 
responsible, too, for meningitis, an acute 
inflammation of the meninges. 
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Tumors sometimes develop in the brain. If a tumor 
is recognized early enough, it can often be re- 
moved surgically without permanent damage to the 
brain. Many specialized techniques are used to 
diagnose brain tumors. Above, the use of radioac- 
tive tracers and special scanning techniques has 
revealed a tumor. 


Viruses are responsible for various 
diseases affecting the nervous system. 
They are responsible for encephalitis, or 
inflammation of the brain—a name applied 
to a varied group of diseases. Undoubtedly 
the most familiar virus-caused disease at- 
tacking the nervous system is poliomyelitis, 
or infantile paralysis. This is a contagious 
disease that affects the gray matter of the 
spinal cord. 

Multiple sclerosis is a disease due to 
the loss of myelin in various areas of the 
nervous system. The cause of this disease 
is unknown. It attacks mostly persons in 
the age group from the teens to the forties, 
but it claims victims from other age groups 
as well. It has widely varying effects. In 
some cases, the symptoms of the disease 
may be hardly noticeable. In others, it may 
Cause severe paralysis. There may be peri- 
ods of remission, which may or may not be 
followed by relapses. As yet, there is no 
definite cure. 

Injury to the brain, spinal cord, or 
nerves may have disastrous effects. A se- 
vere blow to the head, affecting the brain, 
may result in insanity or death. Various 
degrees of paralysis may be caused by in- 

juries to the spine. Nerve injuries may affect 
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the functioning of various parts of the body, 

Vascular diseases — those attacking the 
blood cells and blood vessels — often affect 
the nervous system. Hardening of the arter- 
ies in the brain—a condition known as cere- 
bral arteriosclerosis —interf with the 


blood supply and causes the brain to degen- 
erate. It may ultimately result in senility. 
High blood pressure may cause a blood 


vessel in the brain to rupture suddenly. The 
escaping blood may destroy nerve-cell 


bodies and fibers in its path an oduce an 
apoplectic stroke, which will alyze vari- 
ous muscles of the body. A s e may be 


brought on by the bursting of a blood vessel 
in the brain due to cerebral thrombosis— 
the clotting of blood in the biood vessel. 
Diseases of this kind are particularly com- 
mon after middle age. 


Progress has been made the treat- 
ment of apoplectic stroke. Formerly the 
patient was kept as quiet as possible for a 


long time in order to prevent further 
strokes. The new approach is to start active 
treatment as early as a week after the 
stroke occurs, if the patients condition 
permits. This treatment includes massage, 
manipulation, and electric stimulation of 
muscles to keep them from deteriorating, 
plus such active exercise as the paralyzed 
limbs permit. Exercise may be carried on in 
water in order to lighten the weight on an 
affected limb. Preventive measures, t00, 
have been improved. s 

Toxins, or poisons, from diseases in 
other parts of the body, especially the 
lungs, may spread to the brain. Alcohol and 
narcotic drugs, such as morphine, produce 
various toxic effects. Lead poisoning, 
common among painters, damages various 
cells in the front part of the spinal cord. It 
may bring about paralysis in the arms Of 
legs. 

Tumors sometimes develop in the 
brain. As a tumor formation expands, it 
presses upon cell bodies and fibers. The 
majority of brain tumors can be operated 
upon if they are recognized early enough, 
and they may have no serious aftereffects. 
However, if their growth results in the de- 
struction of considerable nerve tissue, the 
damage may be irreparable. 


THE EYE AND VISION 


by S. Howard Bartley 


The sense of vision is one of the most 
versatil§ all senses. It supplies us with 
information about objects at very close 
range, 4 a great distance, and at an infi- 
nite numer of distances between these two 
extreme: 

We »ecome aware of objects through 
the sens n known as the eye. 


Re yf light pass through a transpar- 
ent pari the eyeball, penetrate through 
the inner part of the eye, and fall upon a 
layer o nsitive tissue. As a result im- 
pulses arise, and these impulses are carried 


by way of nerve fibers to the brain. Here 
the impulses give rise to the sensation of 
sight. 


THREE LAYERS 


he eye, which is enclosed in a bony 
cavity called the socket, is more or less 
spherical in shape and is about 2.5 centime- 
ters in diameter. It can be turned in dif- 
ferent directions by six muscles, attached at 
one end to the eyeball and at the other end 
to the wall of the socket. 

The eyeball wall, which encloses the 
liquid and semiliquid interior sections, is 
made up of three layers. The outermost one 
is the tough sclera, which protects the deli- 
cate inner structures of the eye. We can see 
part of this coat. It is what we call the 
“white of the eye”. In front there is a circu- 
lar, transparent area, called the cornea. 

The outer surface of the sclera is lubri- 
cated by tear fluid, secreted by the lachry- 
mal, or tear, gland. From the eye surface 
the fluid passes into small tubes —the lach- 
rymal ducts —and from these into the nose. 
Protection for the outer surface of the eye 
is provided by the eyelids. These useful 
structures close as a result of reflex action 
when something is about to touch the eye. 


Top right: a cutaway diagram of the eye, showing 
its major parts. Bottom right: the eye socket, or or- 
bital cavity, the protective enclosure for the eyeball 
formed by the skull bones. 


The middle layer of the eye wall is 
known as the choroid coat. It carries a mul- 
titude of small blood vessels, which extend 
throughout the inner part of the eyeball 
except in front, where there is a hole, called 
the pupil of the eye. Surrounding the pupil 
is a circular band, called the iris, which 
gives the eye its color. 


CUTAWAY DIAGRAM OF THE EYE 


Iris. 
Aqueous humor. 
Cornea 
Lens 
Pupil 


Anterior chamber. 


Ciliary body 


Posterior chamber Optic nerve 


THE EYE SOCKET 


Frontal bone 
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— Nasal cavity 


Lachrymal sac 


Lacrymal gland 


Nasolachrymal duct 
Maxilla 


Nasal cavity 


The lachrymal, or tear, apparatus that provides a 
protective fluid bath for the eye. 


coc Pigment layer 


Rods and cones 


=— Optic nerve fibers 


+ Light 4 
The layers of the retina, the essential organ of sight. 


The third and innermost layer—the 
retina—lines most of the eyeball interior 
excluding the front part. This tissue is very 
sensitive. It converts the energy of light 
waves into nerve impulses, which are then 


transmitted along a special pathway to the 
brain. 
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RETINA 


The retina consists of sever: layers, of 
which the most important are ‘>= rods and 
cones, the bipolar cells, and ganglion 
cells. 

The rods and cones are curiously 
shaped nerve cells that are sitive to 
light. Impulses arise in them v they are 
struck by light rays. As a res ther im- 
pulses are set up in the bipolar c:lls. These 
impulses are then transmitted to the brain 
by way of the fibers of the gəvplion cells. 
The fibers make up a cable! bundle, 
called the optic nerve, which es from 
the back of the eye. 

The rods are sensitive t smaller 
amounts of light than the cone ierefore, 
they are responsible for vision lim light. 
Cones are particularly concer with the 
perception of fine detail and « lor. The 
rods are sensitive to light b se of a 
chemical reaction brought about by the 
light rays that enter the eye. The outer part 
of the rods contains a red pigment called 
visual purple, or rhodopsin. When acted 
upon by light, it decomposes into a sub- 
stance called retinene and then into vitamin 
A and a protein. The vitamin A and the pro- 
tein are later reconverted into visual purple. 


A certain amount of vitamin A is lost in the 
process. This loss must be made good by 
fresh stores of vitamin A, supplicd through 
the circulation. If a person's diet is lacking 
in this vitamin, he will not be able to see 
well in dim light—a condition called night 
blindness. It is believed that much the same 
kind of chemical reaction takes place in the 
cones. 

Rods and cones are not uniformly dis- 
tributed throughout the retina. A small 
Tegion in the center, called the fovea cen- 
tralis, contains only cones. This region is 
concerned with acute vision. The cones are 
distributed more and more sparsely toward 
the edge of the retina, while the relative 
number of rods increases. We see clearest 
in daylight by using the fovea centralis. At 
night, we see by using a region somewhat to 
the side. We are blind at all times to 0b- 
Jects that cast their images only on the part 
of the retina where the optic nerve leaves 


the eye. There are no rods and cones in that 
part of the retina, which is called the optic 
disk. This results in a blind spot in the field 
of vision 

INTERNA! STRUCTURE 


Thus far we have described the wall of 


the eye, with its three layers —the sclerotic 
coat, the choroid coat, and the retina. Let 
us now examine the internal structure of 
the orga. A short distance behind the cor- 
nea is the elastic crystalline lens, which 
focuses ‘>e light rays entering the eye. The 
lens, which is supported by a hammocklike 
ligament, is transparent in the case of a 
healthy ye. Sometimes it becomes cloud- 
ed—a condition called cataract. In the 
commonest type of cataract—senile cata- 
ract, generally found in persons over fifty 
years of age — vision is gradually lost as the 
condition develops. To restore sight, the 


lens is removed and special glasses are 
provided ʻo take its place. In other types of 
cataract the cloudiness may disappear more 
or less completely in time. This is particu- 
larly true in the case of cataract caused by 
perforation of the lens, due to injury. 

The interior of the eyeball is divided by 
the crystalline lens and its supporting struc- 
tures into two chambers. The one in front 
of the lens is filled with a watery solution 
called aqueous humor. The other chamber, 
occupying the space between the lens and 
the retina, is much larger. It contains a jel- 
lylike substance called vitreous humor. 


THE EYE AS A CAMERA 


Light comes to us in a series of waves. 
Different wavelengths excite different sen- 
sations of color when they strike the retina. 
The eye is not equally sensitive to light rays 
of all wavelengths. Certain rays will not 
result in any sensation of vision. These are 
the ultraviolet and infrared rays, among 
others, f 

We see objects because waves of light 
are reflected from them and enter the eye. 
The eye has often been compared to a cam- 
era. In the camera, light reflected from an 
object passes through a lens, is focused on a 
film at the back of the camera, and forms a 
small image. In the eye, reflected light pass- 


es through the crystalline lens and is 
brought to a focus on the light-sensitive ret- 
ina. An adjustable diaphragm in the camera 
increases or decreases the amount of light 
that reaches the film. In the eye this sort 
of adjustment is made by the iris. Its open- 
ing can be made wider or narrower by 
means of muscles radiating from the inner 
rim of the iris. 

Rays of light from a distant point are 
brought to a focus closer to the camera lens 
than rays reflected from nearby objects. To 
cause these dissimilar rays to be focused 
sharply on the film, the camera lens must be 
moved nearer to the film or farther away 
from it, as the case may be. In the case of 
the eye the proper adjustment is made by 
changing the shape of the lens, which is an 
elastic body. This is done by means of tiny 
muscles within the eyeball. The process of 
changing the shape of the lens in this way is 
called accommodation. 


THE BRAIN INTERPRETS IMAGES 


The lens of the eye produces an invert- 
ed image in the retina. This image is inter- 
preted in the brain in such a way that it 
appears erect. For example, when the 
lower part of the retina is stimulated by 


Six muscles, attached at one end to the eye socket 
and at the other end to the eyeball, turn the eyeball 
in different directions. 

MUSCLES OF THE EYE 

(front view of right eye) 


Straight 
upper 


Straight 
external 
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light rays reflected from a given object, it localization. When we try to decide where 
seems to us that the object is inthe upper an object is, our decision will depend upon 
part of the field of vision. If we put on glass- what we think the object is. Fo- instance, if 
es which focus the incoming rays in sucha you saw an illuminated white *cctangular 
way that upright images appear in the reti- area in a dark room, you mig onsider it 
na, everything seems topsy-turvy at first. In to be a movie screen. In that css, it would 
time, however, we learn to make the cor- seem to be a few meters away. Suppose you 
rect interpretation. If we remove the glass- thought of it as a blank filins card. The 
es and let inverted images be formed on the bright rectangular area migh! ©cem to be 
retina, we must learn all over again how to only centimeters away from your eyes. Ina 
interpret the images. case such as this, the observe. does not 
The eye is able to adapt to the various have to analyze the situatior length in 
levels of light that one meets in everyday order to place an object. He es an in- 
life, except to such extreme intensities as stant judgment as to what the ct is, and 
those of the sun or of arc lights. There is a he sees it at what he consic ie appro- 
striking example of this faculty of adapta- priate distance. 
tion when we enter a movie theater from If one object is partly coy red by an- 
broad daylight. At first, little is visible. other, the covered one will app: + to be far- 
Soon, however, darkness gives way to dim ther away. This is called ov) Elevation 
illumination, which enables us to find our is another factor. Objects lyin: her inthe 
way to a seat. field of sight generally appea: her away 
LOCATING OBJECTS than lower-lying ones. This e is some- 
times reversed, in which case ‘he higher 
It is important for our sense of vision object seems nearer. Relative size also 
to tell us where objects are. This is called helps to localize objects: sma nes seem 


In some people the eyeball is too long or too short and the image falls in front of 
or behind the retina. Such conditions—nearsightedness and farsightedness — 
can usually be corrected by glasses or contact lenses. 


EYE WITH NORMAL VISION z 
—p i — 
PR f 
F pe ( 
The far object is at infinity The near object is at about \ 
25 centimeters = 


EYEBALL TOO LONG—MYOPIA 


PR PP 


+ $ ies 
The image of a near object focuses properly on the retina, but 
the image of a far object falls in front of the retina. 


EYEBALL TOO SHORT—HYPEROPIA 


> 
pR E 
The image of a distant object focuses properly on the retina, 
but the image of a near object falls behind the retina. 
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y. Apparent brightness is still 
tor in determining apparent lo- 


cation. Usually the brighter of two other- 
wise similar objects seems to be nearer. An 
object ap»-ars to move toward the observ- 
er when ; made brighter, and to recede 
when it is dimmed. 

Still another important factor in the 
localiza of objects is parallax. This 
effect is © {ained as one moves past objects 
or simply moves one’s head. Certain ob- 
jects will seem to stand still, while others 
will seem to move in the direction opposite 
the observer's motion. The “still” objects 
will ap to lie beyond those that 
“move 'r example, suppose the train on 
which c s riding moves past a telephone 
pole and a building. The pole will apparent- 
ly mov- m a direction opposite that in 
which the ‘rain is moving, but the building 
will stan relatively still. The building will 
seem to be farther away. 


The fact that we have binocular vi- 
sion—that is, vision through two eyes— 
helps us to perceive depth. Each eye gets a 
somewhst different view of a given object, 
particularly at close range. When the two 
retinal images are interpreted together in 
the brain, we have a clear three-dimensional 
view. The depth of an object is not so clear- 
ly perceived when we look at it through 
one eye. 

The interpretation of objects in the 
brain may not correspond to their actual 
appearance. In that case there will be a 
Series of optical illusion. 


ABNORMALITIES 


The vision of certain persons is limited 
or defective. The crystalline lens may re- 
fract rays of light effectively enough, but 
the retina is either farther away from the 
lens than in a normal eye or nearer to the 
lens. In such cases special artificial lenses, 
spherically curved, must be prepared in 
order to provide normal vision. These lens- 
es may be set in spectacle frames or may 
be applied directly to the eyeball in the 
form of contact lenses. i 

In the condition called myopia, OF 
nearsightedness, the eyeball is longer than 
it would be in normal eyes. When light rays 


BLOOD SUPPLY OF THE EYEBALL 


Choroid vessels 


Central artery of the retina 


BLOOD SUPPLY Ophthalmic artery 
OF THE RETINA 

(bottom of the eye seen 

through the Blind spot 
ophthalmoscope) 


Fovea centralis 

Central artery of the retina 
Blood is supplied to the eye through the internal 
carotid artery, which supplies the ophthalmic ar- 


tery. This in turn branches to supply the various 
parts of the eye and in particular the retina. 
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PRINCIPAL CAUSES OF BLINDNESS 


1. Visual center: tumor hemorrhage, spasm 

2. Separation, nerve compression, tumor of the 
hypophysis 

3. Separation of the retina 

4. Cataract 


5. Cornea and conjunctiva: scars, infection, 
trachoma 


6. Ocular hypertension, glaucoma 


are reflected from objects near to the eye, 
they focus Properly on the retina. Distant 
rays, however, come to a focus in front of 
the retina. To correct this defect in vision, a 
concave artificial lens is placed in front of 
the eye. It diverges rays and makes even 
parallel rays from far-off objects reach the 
lens of the eye as if they came from nearby 
objects. Hence the lens focuses them on the 
retina and not in front of it. 

In farsightedness, or hyperopia, the 
eyeball is shorter than it would be in normal 
eyes. Rays reflected from far-off objects are 
focused properly on the retina. Rays from 
nearby objects are focused behind it. A 


THE EYE AND VISION 


convex lens is used to remedy iie defect of 
hyperopia. : 

Certain corrective lens re in the 
form of prisms. They bend ince ning rays of 
light so that the eyes nee converge 
(“turn in”) either more or les n without 
glasses to obtain the same ul results, 
These lenses prevent a perso M seeing 
double. 

Other lenses are inten: ) remedy 
the condition called astigm in which 
light rays are brought to focus he retina 
not in the form of sharp poin t as short 
lines. Astigmatism is due t fact that 
the crystalline lens has raise depressed 
areas on its surface. A pe suffering 
from this condition must we nses with 
raised or depressed areas to c onsate for 
corresponding defects in 1 rystalline 
lens. 

VISUAL ACUITY TESTS 

In fitting glasses, sharpn: ~ of vision, 
or visual acuity, is an impo. ¿nt factor. 
There are several standard |. for visual 
acuity. One of the most ci on is the 
Snellen Chart. It consists of sc. eral lines of 
letters of different sizes. A person with 
normal vision will be able t id letters 
farther away than the person with poor 
visual acuity. A person is said ʻo have 20/ 


20 vision if at six meters (20 feet). the stand- 
ard distance, he can read letters that a per- 
son with normal vision can read at the same 
distance. If at six meters a person can just 
read letters that are so big tha! the person 
with normal vision can read them at 12 
meters (40 feet), twice the standard dis- 
tance, the person is said to have 20/40 
Vision. 


oe E ŘŘĖ 


The presence of the blind spot can be easily shown 
Keep your left eye closed and focus on the slat 
holding the page close to you. Then gradually mee 
the page away. At a distance of about 20 or 25 ea 
timeters, the black spot will become invisible. f 
image has fallen on the optic disk, where there a 
no rods or cones. 
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1HE EAR AND HEARING 


by S. Howard Bartley 


Whe e hear sounds, we really be- 
come aw of waves of air striking our 
ears. The v aves arise as the result of vibra- 
tions cat by a disturbance such as the 
ringing < bell or the tooting of a horn. 
The vibrs ons are set off in a series of alter- 
nating con »ressions and rarefactions. 


All ‘ir waves in our vicinity strike 
our ears, not all produce the sensation 


of sound. Human ears register only the 
vibrations ranging from about 16 hertz 
to betwe 20,000 and 30,000 hertz: 
that is, id waves having a frequency 
of from o between 20,000 and 30,000 
cycles per second. 
PARTS OF THE EAR 

The sar, in which we receive the vi- 
brations. is divided into three compart- 


D. Lesec 


THE EXT® ANAL EAR 


ments—the outer ear, the middle ear, and 
the inner ear. 

The outer ear is made up of two parts. 
One is a structure of cartilage and skin, 
called the auricle, or pinna. The other is a 
short canal—the auditory canal—which 
penetrates the bone of the skull and is 
closed at the inner end by a delicate mem- 
brane—the eardrum, or tympanum. The 
auricle is the part of the ear that protrudes 
from the side of the head. It serves to direct 
sound into the ear. The sound waves enter- 
ing the auditory canal set the eardrum, at 
the end of the canal, into motion. It vibrates 
in time with the air waves. 

The middle ear is a small chamber that 
is found within the skull. In this chamber, 
there are three small bones, called ossicles, 
which are joined together. They form a 


The simplicity of the outer ear gives no clue to the 
complex structures within. Left: the outer ear—a 
fleshy oval-shaped appendage and the beginnings 
of the canal leading to the middle ear. Below: dia- 
gram of the middle ear. 


OR PARTS LABELED 


CTION OF THE MIDDLE AND INNER 


Endolymphatic canal 


Auditory canal 
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LONGITUDINAL SECTION OF THE 
TYMPANIC CAVITY 


Schrapnell's 
membrane 


Sound waves pass through the tympanic cavity 
(upper left), cause vibrations of the bones of the 
middle ear (lower left), and pass into the inner ear 
containing the cochlea (upper right), and, on it, the 
organ of Corti (lower right). 


BONY LABYRINTH 


Round window 


Subvestibular cavity 
and stairway of the 
tympanum 


Stairway of the vestibule 
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MEMBRANOUS LABYRINT” 


Branch common to the upper anc! 
posterior semicircular canals 


Upper sem) -ircular canal 


f the upper 
semicircular 
canal 


on branch 
“mphatic 


Horizontal 
semicircular 
canal 


> 


lymphatic 
2c and canal 


Posterior 
semi 


circular 
canal 


Bulb of the 


horizontal 
canal 


SECTION THROUGH THE COCHLEA 


Organ of Corti 
Cochlear canal 


Stairway 
tothe 
vestibule 


tympanum 


Cochlear section of 
the acoiuetic nanma 


connectins link between the eardrum and 
the inner The ossicles act as a lever 
system, trənsmitting to the inner ear the 
vibrations ‘at strike the eardrum. The out- 
ermost of ‘he three bones is attached to the 
eardrum. ‘:«cause of its shape this bone is 


common!) called the hammer. The middle 


bone vag -\y suggests an anvil, and that is 
what it i ‘led. The name stirrup, applied 
to the in»żrmost bone, is very apt: the 
resemb): to a stirrup is quite striking. 
These boves are also called by the Latin 
names lleus (“hammer”), incus (“an- 
vil’), and stapes (“stirrup”). The foot- 
plate of tHe stirrup fits into an oval win- 
dow cal the fenestra ovalis, beyond 
which lics the inner ear. This window has 
a membrane stretched across it. A little 
below the oval window is a round window, 
also clo by a membrane. 


A small tube, called the Eustachian 


tube, russ from the middle ear to the back 
of the `. The middle ear connects by 
means ©) ‘his tube with the outer air, when- 
ever the 


act of s 


imperfectly transmitted, and the person 
becomes slightly deaf. Infections of the 
middle ear may occur when organisms in 
the mouth or nose make their way into the 
middle ear by way of the interconnecting 
Eustachian tube. 

The outer and middle ears serve only 
to transmit vibrations to the inner ear, 
where we find the basic organ of hearing. 
This is contained in a spiral chamber, called 
the cochlea, which is imbedded in bone. 
The cochlea makes about two and a half 
turns, The inner ear also contains three 
semicircular canals and two small sacs. 
These structures have to do with the sense 
of balance. Only the cochlea is concerned 


with hearing. 


BASIC ORGAN OF HEARING 


The cochlea is about 35 milliliters 
long. Within it is a tube which follows the 
windings of the snail-shell-shaped cochlea. 
This coiled tube is really made up of three 
adjacent tubes. Each of the three is called 
a stairway, or scala (“stairway,” in Latin), 
because it somewhat suggests a spiral 
staircase. 

The first tube is called the stairway of 
the vestibule, or the scala vestibuli. At its 
base is the membrane of the oval window, 
to which the stirrup of the middle ear is at- 
tached. Next to the stairway of the vesti- 
bule is the middle stairway, or the scala 
media. Finally, there is the stairway of the 
tympanum, or the scala tympani, which has 
the round window at its base. The scala 
media contains a liquid called endolymph. 
The scala vestibuli and the scala tympani 
contain a liquid called perilymph. Since the 
two outer tubes are connected with each 
other at the tip of the cochlea, it is evident 
that perilymph extends in a single channel 
from the oval window to the round window. 

The membrane separating the middle 
tube from the stairway of the tympanum is 
known as the basilar membrane. It is made 
up of a great number of fine cross fibers. 
Upon it rest the cells that make up the or- 
gan of hearing proper — the so-called organ 
of Corti. Some of the cells, called hair cells, 
have hairlike processes at their tips. These 
cells are connected to nerve fibers that lead 
to the brain, Extending over the hairs of the 
cells like the eaves of a roof is a delicate 
membrane — the roof membrane, which can 


move freely. 
TRANSMISSION OF VIBRATIONS 


When vibrations are transmitted to the 
oval window by way of the stirrup of the 
middle ear, the fluid in the stairway of the 
vestibule is alternately pushed inward and 
then outward again. Since the outer and 
inner tubes are connected at their tips, the 
movement of the fluid is transmitted to the 
round window. When the footplate of the 
stirrup pushes the oval window membrane 
inward, the membrane of the round window 
is moved outward. When the stirrup moves 
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It is important to test a child's hearing on a regular 
basis, starting when the child is quite young. 


back toward the middle chamber, the 
movement is reversed. As a result of the to- 
and-fro movement, different parts of the 
basilar membrane are set to vibrating in 
turn. The hair cells resting on the vibrating 
part of the basilar membrane also move in 
unison, and impulses are generated in the 
appropriate nerve fibers. These impulses 
are transmitted to the brain along the 
auditory nerve. 

Why does only a part of the basilar 
membrane vibrate at any one time? The 
cross fibers of the membrane increase in 
length. The longer ones are near the top of 
the spiral, the shorter ones near the bottom. 
Their rates of vibration depend upon their 
length. When a vibration of a given frequen- 
cy—say, 1,500 hertz is transmitted, only 
that part of the basilar membrane that has 
the same vibration rate will respond. This is 
called sympathetic resonance. 


SOUNDS 


The sounds that are transmitted by the 
ear may be divided into two classes — tones 
and noise. Any sound having a fairly well- 
marked pitch is classified as a tone. Pitch is 
the quality of sound that enables us to clas- 
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sify it as higher or lowe n another 
sound. Only if differences in ; are clear- 
ly indicated do we refer to is as tones 
rather than as mere noise. It e that one 
type of noise—a rumble -may be 
lower than another—a ratt] ut the dif- 
ference between their sour not nearly 
so well defined as the differ vetween a 
C and D on a musical instr 

Sounds have the prope direction, 
They seem to come from where. In 
certain cases they appear to > from the 
direction in which the vibrat ire actual- 
ly set up. But in many ever) situations 
the source of the sound m: a baffling 
mystery to the listener. A cx ı example 
is the difficulty one has in lo z a squeak 
or other noise that develop: in automo- 
bile. Many times the sourc the noise 
cannot be discovered by li 2. It may 
be necessary to determine frequency 
range of the sound and then t t all possi- 
ble sources of the squeak tc which one 


produces vibrations within tł inge. 


Often sounds appear t e from a 
plausible source (that is, fr he place 
where we could expect them to arise), even 
though actually they arise el ere. This 
is one of the factors in ventriloquism. If the 
ventriloquist’s dummy moves its lips while 
the lips of the ventriloquist remain motion- 


less, the plausible source of sound would be 
the dummy. Therefore to us it seems that 
the dummy is talking and the ventriloquist 
is silent, even though the actual source of 
the sound is obvious enough. 

Sound movies and public-address sys- 
tems involve ventriloquistic principles. 
When a movie is shown on a screen, the 
sound source may be located just behind 
the screen. Yet the sounds seem to ae 
from a variety of plausible sources. O 
course this is also true of sound effects on 
the radio and TV. Per 

When loud-speakers are distribute 
throughout a hall to transmit the voice of a 
Speaker on a platform, the sounds you hear 
may come mainly from a place beside you 
or even behind you. This may prove to be 
annoying at first. In time, however, the 
Sounds will appear to come from the plaust- 
ble source —that is, from the speaker. 


© 1979 F J Hutchings/PR 


SMELL, 


I jation comes to people not just 


through he eyes and ears but also in the 
forms mells, tastes, pressures, tempera- 
tures sensations within the body. Vari- 
ous sp ‘alized sense organs pick up these 
stimuli ənd pass them along to the central 
nervous system for processing. 

SMELI 


The organs of smell are located in the 
mucous membrane of the uppermost part of 
the na passages, away from the direct 
path of the stream of air drawn in through 
the nostrils. The cells involved in smell — 
the olfactory cells—are embedded in the 
mucous membrane. A long filament of pro- 
toplasm leads from each cell to the surface 


Close-up of the cells involved in smell. Note the lit- 
tle hairs projecting above the mucous-membrane 
surface. 
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TASTE, AND TOUCH 


Joan Menschenfreund 


of the mucous membrane. Tiny hairs pro- 
ject above this surface from the filament. A 
nerve —the olfactory nerve —leads from the 
other end of the cell through a tiny aperture 
in the floor of the skull to the olfactory lobe 
of the brain. The surface of the mucous 
membrane in the olfactory area is bathed in 
fluid. The particles that are to be smelled 
must be dissolved in this fluid before the 
olfactory cells can be stimulated. 

We pointed out that the currents of air 
drawn in from the nostrils do not pass di- 
rectly through the olfactory area. However, 
particles of the odor-releasing substance 
are carried upward to the area by eddies 
that arise as the currents of cold air from 
the outside meet the warm air already in the 
nasal passages. If we want to sharpen the 
sense of smell as we become aware of a 
faint odor, we sniff vigorously. This causes 
a reinforced stream of cold air to penetrate 
the nasal passages. The upward currents 
become stronger, and more molecules of 
the odorous substance come in contact with 
the olfactory area. 

The sense of smell is far more impor- 
tant for the lower animals than it is for man. 
It provides the members of many animal 
species with invaluable information con- 
cerning the outside world. It leads them to 
food, warns them of danger, and helps them 
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Taste bud 


to select their mates. In man the sense of 
smell is generally quite rudimentary. 

We smell a substance because mole- 
cules are constantly thrown off from it in 
the form of vapor or dust and make their 
way up the nose. Very small amounts of 
such vapor or dust can be smelled. If only 
460,000,000 of a milligram of a mercaptan, 
a group of odorous chemicals, is contained 
in a whiff of air, it can be detected. How- 
ever, in terms of molecules, the amount 
is not so small, since it contains some 
21,000,000,000 molecules. 

If a substance throws off a great many 
molecules in a short time, it will have a 
strong smell. This happens, for example, 
when gasoline fumes arise. On the other 
hand, a substance will have practically no 
odor if few molecules are emitted. This is 
true of most metals. However, when metals 
are heated to a high temperature, molecules 
are thrown off in quantity, and there will be 
a strong odor. The strength of the smell 
sensation does not always depend on the 
number of molecules a substance releases. 

The sense of smell is a quickly adapt- 


Taste sensations to which the different surfaces of 
the tongue are sensitive. A taste bud is shown at the 
upper left. 
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ing process. This means that \ 
exposed to an odoriferous, or 
ing, substance for a short time, ! 
smell much less noticeable thar 
he may not even notice it any 
why people who have been i: 
some time are surprised when 

complains, say, of the odor of 

smoke. They have become so 
the odor that for them it does n 


TASTE 


finds the 


ı room for 
1ewcomer 


The organs of taste are id chiefly 
on the tongue, though there a few in 
other places, such as the soft painte and the 
epiglottis. The receptive structures for taste 
are called taste buds. They consist of bun- 
dles of cells, which open upon ‘he surface 
of the tongue or other area. The 10,000 or 
so taste buds are located primarily on the 
upper surface and along the «: ges of the 
tongue. 

Taste bud cells have tufts iny hairs 


at the openings on the tongue surface, The 


other ends of the cells are connected to 
nerve fibers leading to the brain 

Only substances which are water- or 
fat-soluble can affect the taste buds. Sub- 
stances in solution stimulate the cells 


through the hairs. It is important to note 
that unless a substance is dissolved in the 
mouth, it cannot be tasted. If you put a 
piece of lump sugar on your tongue, you 
will taste it only when it starts to dissolve. 
Ordinarily the saliva in the mouth dissolves 
foods sufficiently so that they can arouse 
the sense of taste. 

There are at least four fundamental 
taste qualities—sweer, sour, bitter, and 
Salty. Some authorities add a fifth quality — 
alkaline. All other tastes result from a 
blending of these four or five and also from 
combinations of taste qualities with other 
types of sensations. 

The basic taste sensations are not 
equally aroused in every part of the 
tongue’s surface. The front part is particu- 
larly sensitive to sweet and salty sub- 
stances. Bitter substances are tasted at the 
back of the tongue and also in the throat. 

The tongue is sensitive to touch, cold, 
heat, and pain, and these sensations affect 


Wermth Pressure Pain 

Above lè 

that is res 

be arouses by different types of skin contact. 

the sense of taste. Lumpy mashed potatoes 
do not taste quite the same as smooth 
mashed potatoes. It makes a difference, as 
far as taste is concerned, whether a food is 
dry or moist, soft or hard. An ice cream 
soda ov other soft drink tastes sweeter 


$ warm than when it is cold. 

olds for saltiness, bitterness, sour- 
ness, and sweetness vary with temperature, 
but not equally so. 

Sometimes one hardly knows whether 
i ng or smelling a substance. Since 

and nose cavities are open to 
-, particles derived from food in 
may ascend to the nose and stim- 
ulate the sense receptors there. This stimu- 
lation may be much more vigorous than the 
stimulation of the taste buds on the tongue. 
In such a case, taste sensations are mostly 
sensations of smell. 

The senses of taste and smell differ 
greatly in the level of their thresholds. A 
solution of ethyl alcohol must be 24,000 
times more concentrated to reach the taste 
threshold than to reach the threshold of 
smell. Only minute quantities of the gases 
given off from foods are needed to excite 
the sense of smell. That is why this sense 1s 
so often involved when we taste things. If 
the mucous membrane of the nose is in- 
flamed, the sense receptors of the nose will 
not be stimulated, and the food we eat at 
such a time may seem tasteless. 


SKIN SENSES 
When the skin is stimulated, several 


kin receptors for touch, cold, warmth, pressure, and pain. Only the receptor 
Jnsible for pain has no special structure. Right: how different sensations can 


Skin contact stimuli 


< Touch 


2 SH Pressure 
V Pain 


different sensations can be aroused — sen- 
sations of touch, pressure, heat, cold, and 
pain. All of these, except the sensation of 
pain, depend on the presence of specialized 
sense organs at the end of nerve fibers. The 
nerve fibers responsible for sensations of 
pain do not appear to have any special 
structures at their terminal points in the 
skin. The different kinds of skin receptors 
are shown in the diagram. The receptors 
responsible for touch, pressure, heat, and 
cold each respond to only one type of stim- 
ulus. The nerve endings that register sensa- 
tions of pain can react to different kinds of 
stimulation. 

The various kinds of sense receptors 
are not evenly distributed on the skin. It is 
possible to map out various spots where 
different types of stimuli take effect in a 
particular skin area. There are touch spots, 
heat spots, cold spots, pressure spots. Cer- 
tain areas of the skin are much more sensi- 
tive than others to a given type of stimula- 
tion. For example, the finger tips are very 
sensitive to touch, much more so than the 
back of the hand. Pain fibers form an exten- 
sive network in every area. 

Touch-pressure. We can show the dif- 
ferent reactions to the sense of touch in dif- 
ferent skin areas by applying two points 
simultaneously to the skin. When the two 
are very close together, they feel like a 
single point. As they are gradually placed 
farther apart, a stage will be reached at 
which they will just barely be felt as two 
points. This is called the two-point thresh- 
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Anterior canal 


Cross section of utricle 


CATAN 


p 


Hair cells Otoliths 


Posterior cana! 


Lateral canal 


The semicircular canals, utricle, and saccule in the ear are concerned with balance. The 
semicircular canals occupy different places. One is horizontal; the second vertical; and 


the third, at right angles to the second. 


old. The more sensitive to touch a given 
area of the body surface is, the smaller the 
two-point threshold will be. It is much 
smaller on the arm than on the back, and 
still smaller on the finger tips. The two- 
point threshold is quite low for the tip of 
the tongue. When we let this part of the 
tongue pass over the teeth, a tiny cavity 
will be felt as a huge pit. 

If we lightly touch the skin with a rigid 
object, such as a matchstick, the sensation 
of touch will be aroused. If we press more 
firmly, we will experience a sensation of 
pressure. This is due to the stimulation of 
certain sense receptors, called pacinian 
capsules, which are found in the underlying 
tissues of the skin. As we increase the pres- 
sure, the sensation becomes duller and 
more pervasive. Finally, if the pressure is 
increased still more, there will be a sensa- 
tion of pain. 

Temperature. If we are to become 
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aware of warmth or cold, something that is 
at a higher or lower temperature than nor- 
mal skin temperature—about 25° Celsius 
—must be applied to the skin. The sensitiv- 
ity to warmth will extend to a level about 
20° above 25°, or 45° Celsius, sensitivity 
to cold will extend to about 20° below 25°, 
or 5° Celsius. The sensations aroused by 
temperatures above 45° Celsius and below 
5° Celsius are identical. It is no longer pos- 
sible to distinguish between heat and cold 
at such temperatures. K 
Pain. Pain may be caused by a rigid or 
sharp object pressed firmly into the skin. 
However, we pointed out that the nerve 
endings responsible for sensations of pain 
can react to different kinds of stimuli. Pain 
may be aroused by the application of an 
electric current, by contact with chemicals, 
or by mechanical effects, such as the 
cutting or tearing of tissue. It may also re- 
sult when heat or cold is applied. The sen- 


sation pain is a protective device. It 
warns us of possible danger to the body. 
For example, it lets us know when we are 


getting 199 near something that is so hot 
that it can burn us. 
INTERNAL SENSES 

Ba/e ce. Certain senses help us control 
the reactions of the body to various exter- 
nal sti Among these “control senses” 
is the ie of balance, or equilibrium. It is 
centered in certain structures of the ear— 
the se rcular canals and the two sacs 
within ear that are known as the utri- 
cle an > saccule. 

The three semicircular canals are 
membrsiious tubes, filled with fluid. Each 
leads froin the utricle, describes a half cir- 


cle, then returns to the utricle. The 
canals occupy different planes. One is hori- 


zontal, ¿nother is vertical, and the third 
is also vertical but at right angles to the 
second. One end of each canal forms a 
swelling. called an ampulla. This contains 
receptor structures, from which nerve 
fibers lead. 

Tho nerve endings in the ampulla are 
stimulated by movements of fluid in the 


canal. These movements arise when there 
is a quick turning motion of the head or of 
the body as a whole. Each canal is stimulat- 
ed most strongly when the turning motion is 
in the same plane as the canal itself. The 
movement causes a flow of fluid into the 
ampulla and stimulates the receptor cells 
there. It produces consciousness of the ro- 
tation. It also brings about reflexes that 
keep the body in proper equilibrium. If the 
semicircular canals are diseased or de- 
Stroyed, serious disturbances of balance 
arise. 

The sac called the utricle contains tiny 
bodies, called otoliths, which are attached 
to the hairs of sensitive hair cells. When the 
head is tilted, the otoliths, responding to the 
force of gravity, pull upon the hairs of cer- 
tain hair cells. As the cells are stimulated, 
they cause righting reflexes —that is, reflex 
muscular movements that tend to bring the 
head and body to a normal position. Motion 
sickness is probably caused by repeated 
stimulation of the hair cells in the utricle. 


We know little about the functions of 
the other sac—the saccule, which is consid- 
erably smaller than the utricle. 

Muscle sense. Another control sense is 
kinesthesia, or muscle sense. It has to do 
with the control of the muscles. Kinesthesia 
is based on receptors in the voluntary mus- 
cles, tendons, and joints. These receptors 
register muscular contractions or elonga- 
tions. They supply information about the 
state of tension of the muscles and the posi- 
tion of the limbs. The muscle sense helps 
us control reflex movements. They cause 
the reflex not to “trigger off” too readily. 
They help sustain a reflex movement. 

The muscle sense helps us coordinate 
voluntary movements of the muscles. 
When kinesthetic impulses are lacking, 
muscular movements are apt to go wide of 
the mark. A person will often reach in the 
wrong direction or will bump into things or 
will go past objects he wishes to grasp. 
These ill effects vary in extent from one 
part of a limb to another. They are most 
marked at the extremities. 

The muscle sense helps us judge the 
weight of objects. This is because kines- 
thetic impulses relay to the brain the 
amount of effort that the muscles require to 
heft an object. Usually the senses of touch 
and sight are also involved. 


OTHER SENSATIONS 


Certain sensations supply us with in- 
formation about conditions in the interior of 
the body. There are sensations of hunger, 
thirst, nausea, and fullness of the rectum. 
The sense of pain may also be experienced 
from within the body. 

There may be acute pain when the 
large intestine is distended because of gas 
formation or when a stone obstructs the 
bile duct, or when circulation in the heart 
muscle is interrupted. The inner surface of 
the abdominal wall is sensitive to various 
types of stimuli that bring about the sensa- 
tion of pain. Yet apparently the nerve fibers 
that carry this sensation are not so widely 
distributed in the inner part of the body as 
on its outer surface. Almost any one of the 
internal organs can be cut or crushed or 
even burned without causing pain. 
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PERSONALITY 


by Gary E. Schwartz 


Faces, like fingerprints, are unique. ty is very complex. But describing some- 


Did you ever wonder how it is possible for one’s personality in words is sor hat eas- 
us to recognize people? Even a skilled writ- ier than describing his face. 1f vou were 
er probably could not describe all the fea- asked to describe what a “nice fce” looked 
tures that make one face different from an- like, you probably would has difficult 
other. Yet a very young child—orevenan time doing so. But if you were asked to de- 
animal, such as a pigeon—can learn to rec- scribe a “nice person,” you m begin to 
ognize faces. We all take this ability for think about someone who was kind, consid- 
granted. erate, friendly, warm, and so fort} 

We also tell people apart by how they There are many words to describe how 
behave. When we talk about someone’s a person thinks, feels, and a Gordon 


personality, we mean the ways in which he Allport, a U.S. psychologist, found nearly 
or she acts, speaks, thinks, and feels that 18,000 English words characterizing differ- 
make that individual different from others. ences in people’s behavior. And many of us 
Like the human face, human personali- use this information as a basis for describ- 
ing, or typing, a personality. Hippies, 
bookworms, conservatives, military types 
rhe moldgioh ieee fi in infancy. The —people are described with such terms. 

er cni i j- ek, ” 

ture character by he wey they bring the baby, is People ‘have always ies i IDE 
Heredity also plays a role in personality. each other. Actors in early Greek drama 
Suzanne Szasz Wore masks to show the audience whether 
they played the villain’s or the hero’s role. 
In fact, the words “person” and “personali- 
1, meaning 


“mask.” Today, most television and movie 
actors do not wear masks. Bui we can 
usually tell the “good guys” from the “bad 
guys” because the two types often differ in 
appearance as well as in actions. 


PERSONALITY THEORY AND 
CLASSIFICATION 


The oldest and simplest method, then, 
of describing differences in personality was 
to classify people according to rypes. Such 
a system is called a typology. 

A famous example of this method was 
set forth in Greece about the year 400 B.C. 
A physician named Hippocrates theorized 
that there were four fluids, or humors, in 
the body. Corresponding to each humor, he 
believed, there existed a definite type of 
personality. 

The four humors were blood, yellow 
bile, black bile, and phlegm. A person 1n 
whom all four humors were in perfect bal- 
ance had a harmonious personality. If a 


person had too much blood, he was called 
sanguine, or cheerful and optimistic. Some- 
one with too much yellow bile was choleric, 
or irritable and easily angered. Too much 
le made a person melancholy, or 
and pessimistic. An oversupply 
caused a human being to be 


phlegmatic, or slow and unfeeling. Scien- 
tists have long since discarded Hippo- 
crates’ fluid theory. But the names of the 
humors, corresponding to these tempera- 


survived and are still useful, to 
ent, in describing personality. 

r features of people, such as their 
hysiques, have also been used to 
classify personality. Today, however, per- 


sonality theories and classifications may 
also include factors such as heredity, the 
environment, intelligence, and emotional 
needs. Psychology, biology, and sociology 


are involved in these theories. Because of 
the complexity of human personality, pre- 
sent-day theories are often very different 
from one another. Psychologists vary in 
their ideas about what is most important in 
determining personality. 

For example, some psychologists be- 
lieve that only a person’s outward, or ob- 
served, behavior is important. They tend to 
think that most people, if not all, are basi- 
cally alike. 

At the opposite extreme are psychol- 
ogists who regard each human being as a 
complete individual with his own, unique 
psychology. To such psychologists, even a 
person’s innermost secrets and wishes are 
important. 

Later in this article, we will discuss 
some of the factors that psychologists think 
are important in determining personality. 


PERSONALITY MEASUREMENT 


To measure, say, a person’s height, 
one uses a ruler. Scientists call height a 
physical dimension. Length, width, and 
Weight are also physical dimensions. Such 
dimensions are often easy to measure, if we 
have the proper instruments. 

What are the dimensions of a personal- 
ity? How can we measure them? Gener- 
ally, we are not dealing with physical mea- 
surements, nor with physical objects. 


Also, personality is complex. It is not 
simply black or white in the sense of a sim- 
ple typology. Rather, there are many in- 
between shades of gray. For example, 
when we say that Sally is “warm,” or 
“friendly,” we mean that she behaves 
warmly more often and in a greater variety 
of situations than many other people. Psy- 
chologists would call social warmth a di- 
mension of personality. 

Psychologists can measure warmth 
and other personality dimensions, such as 
intelligence, honesty, happiness, and so on. 
They have developed tests, scales, and 
experimental situations to compare one 
person with another. 

The simplest procedure is to observe 
what people say and do in real-life situa- 
tions. All of us do this when we are with 
other people. We watch and compare their 
habits, speech, and dress, thus learning 
much about them. 

Then why are we not all experts in per- 
sonality? There are a number of reasons. 
First, we cannot observe everybody in all 
situations. Second, we cannot remember 
every situation and what happened in it. 
And, third, we have our own personal opin- 
ions about people and events. These opin- 
ions make it difficult for us to be scientifi- 
cally accurate. In other words, our own 
personalities influence our perceptions of 
other people. 

To make personality observation and 
measurement an exact science, psycholo- 
gists collect information under. controlled 
conditions. That is, they test and record 
people’s behavior under the same set of 
conditions. This is the only way they can 
compare people’s personalities accurately. 

Let us say, for example, that research- 
ers want to measure children’s supposed 
fear of dogs. They set up a cage with a 
harmless dog at one end of a long room. 
Each child, or subject, who is part of the 
experiment enters this room. By measuring 
the distance by which a child avoids the 
cage, the researchers can estimate his fear 
of the dog. The closer he comes, the less 
afraid he is. r 

An experimenter then asks a child who 
does come up to the cage to touch it. Next 
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Inge Morath — Magnum 
The word “personality” comes from a Latin word 
meaning “mask.” Actors used to wear masks to 
show the roles they were playing. In a sense we are 
all actors, wearing "masks" to hide our true feel- 
ings and thoughts from others. But personality, 
assumed or real, shows a lot about ourselves: it is a 
mirror of the mind. 


he takes the dog out of the cage and asks 
the child to touch the animal. The child also 
tells how afraid he is. He rates himself on a 
0-10 scale; 0 means no fear, 10, great fear. 
In this way, psychologists compare dif- 
ferent children in their fear of dogs under 
identical conditions, 

This type of experiment, which meas- 
ures only a small part of the personality, 
can be quite accurate (assuming the chil- 
dren are truthful and good judges of their 
feelings). But it is impractical for testing 
millions of people in schools, government, 
businesses, clinics, and the armed forces. 

Large-scale personality measurements 
must use more convenient methods, Here, 
written tests are important. One example of 
a written test is the personality inventory. 
The subject answers questions about his 
life, attitudes, habits, and problems. The 
questions often call for short and clear-cut 
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answers. The subject may ly have to 
answer “True” or “False.” Or 1e may have 
to choose one of several answers already 


given to each question. 
Other personality tests a 
tured. A subject may be aske 


less struc- 
ibout his 


reactions to drawn patterns or »ictures, He 
may even be requested to draw pictures 
and write stories. The subject ay answer 
by speaking rather than writing. These 
kinds of tests are called proje tests: the 
subject throws, or projects, hi lings and 
attitudes onto the persons and objects he 
sees or discusses. 

There are other kinds of psychological 
examinations and measureme conduct- 
ed by interview, in mental clinics, and in 
make-believe situations that the subjects, 
however, think are real. 

Unlike many tests you have taken, 
there are no right and wrong nswers in 
personality tests. Only the t is impor- 


tant. But many people know igly lie in 
these tests, because they are d to re- 
veal themselves. Or they try to give an- 
swers they think the examiners will like, 
especially if they want to get a job or to 
leave a prison or a clinic. i 

Psychological testers know this hap- 
pens, and they have ways of finding out 
whether subjects in a test are lying. In ad- 
dition, the fact that a person lies, and the 
kinds of lies he tells, are important in study- 
ing his personality. 


PERSONALITY INVENTORIES 


A personality inventory usually con- 
sists of a number of smaller tests, or sub- 
tests, to get as complete a profile of various 
personality dimensions as possible. Special 
training is needed for making and interpret- 
ing these tests. Complicated mathematics is 
often applied to analyze test results. 

A familiar inventory is the intelligence 
test. Have you ever taken one in school! 
This test is supposed to measure your natu- 
ral, or inborn, mental ability. But, like most 
tests, it is not “pure”—information you 
may have learned in school or from outside 
reading and your experiences influences 
your score on an intelligence test. e 

Another important test is the Minneso- 


9, 
0, 


1. [have certainty had more than my share of things to worry about. 


. I think feel more intensely than other people do. 

, Ihave never done anything dangerous for the thrill of it. 

. I think nearly ev ne would tell a lie to keep out of trouble, 

. Lam happy" iost of the time, 

. I tend to be on my guard with people who are somewhat more friendly 
than I had expected. 

. My mother or father often made me obey even when I thought that it 
was unreasonable, 

. I feel uneasy indoors. 

. I refuse to ; some games because I am not good at them, 

. I find it hurd to keep my mind on a task or job. 


Fig. 1. What do you see? Does the inkblot suggest a 
bat or insect? There is no correct answer, only a 
hint as to your personality. 


ta Multiphasic Personality Inventory, or 
MMPI. This is primarily used in the diag- 
nosis of mental illness. After studying the 
answers to thousands of questions, psy- 
chologists have included 550 true-or-false 
questions in the test. Among the MMPI's 
subtests is a scale measuring to what €x- 
tent subjects are lying on the test. 

The MMPI is an important research 
tool also. It has been estimated that over 
one hundred new tests, using different 
combinations of the original MMPI items, 


Sample of the questions 
used in the MMPI, or Min- 
nesota Multiphasic Per- 
sonality Inventory, The test 
taker answers all kinds of 
questions about his life 
situation, feelings, and 
thoughts. From these tests, 
psychologists may then 
judge whether the test 
taker might be mentally 
ill or not 


MMPI 


have been developed to measure other per- 
sonality dimensions. 


PROJECTIVE TESTS 


If I asked you to make up a story about 
a man in the city, what would you write? 
Not surprisingly, different people would 
write different stories. One might write 
about the man’s search for friends. Another 
might write about the man’s pleasure in 
exploring the stores. A third person might 
write about the man’s depression at not 
finding work. In each case, the person has 
projected his own personality into the 
story. Psychologists use projective tests to 
measure this activity. 

The most famous projective test is the 
Rorschach inkblot test. Originally, a sym- 
metrical blot was made by pouring ink on a 
sheet of paper, which was then folded in 
half and pressed together. A whole series of 
such inkblots has been standardized and 
printed on cards. An example is shown in 
Figure 1. When you look at this blot, what 
do you see? Like any inkblot, it forms a 
vague pattern that could look like almost 
anything. Some people see a bird in flight; 
others see a savage face, a tree, or some- 
thing else. Psychologists have found that 
by analyzing what a person sees in the blots 
it is possible to tell much about that per- 
son’s personality. However, special train- 
ing is needed to score and interpret the 
results of Rorschach tests. 

Another important projective test is 
the TAT, or Thematic Apperception Test, 
developed by a U.S. psychologist, Henry 
Murray. Subjects commonly view a series 
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Harvard Univ, Press 


Your interpretation of this picture—part of the 
Thematic Apperception 
about your personality. 


Test —tells something 


of 10 to 19 standard picture: situation 
shown in each picture is n »bvious. In 
one, for example, a woman simply stands in 
the doorway of a furnished 

Each subject is asked nake up a 
story, or theme, for each pi He tells 
what kind of situation the pic epresents 
and what it means to him the Ror- 
schach, the TAT requires sy | training 
for interpreting the results. 
SOME DIMENSIONS OF PEF ALITY 

If we could measure a person in each 
dimension of personality, v uld get a 
pattern, or cluster, of scores t} »presents 
him alone. However, no sin st meas- 
ures all the possible dimer Rather, 


different tests measure di t dimen- 


sions, depending on the pury the test. 
Let us consider a few of these dimensions. 
Hans Eysenck, a Germ glish psy- 
chologist, has chosen two dimensions of 
personality that he consider be very 
important. One is called introversion-ex- 
troversion; the other, emotion: bility. 
The introversion-extrov n dimen- 
sion describes the degree to which a person 


is inward and reserved, or introverted, ver- 


sus outward and outgoing, or extroverted. 
Emotional stability is related to how 
much anxiety a person normally feels. A 


person who is low in emotional stability 
tends to be anxious, or easily worried. He 
depends too much on other people for help 
and is easily upset or frustrated. 


Fig. 2. Sample of 
Matching Familiar 
Figures Test. It is de- 
signed to measure 
how impulsive or re- 
flective you are. Try to 
find which plane in 
the lower group ÍS 
exactly like the plane 
shown at the top of 
the picture. 


Kagan, Pearson & Welch, “Modifi. 
ability of an Impulsive Tempo 
Jour, Ed. Psych, 1966 


An e 
the oppo: 


person 
by nois 
the sor 
that he 
not min 
Re 
feeling 
our li 
(“inter 
other 
control 
T 


motionally stable person is just 


—calm and confident. Such a 
ample, is much less disturbed 


han an unstable person is. This is 


` individual who might well say 


an study with a radio on and does 


yterruptions. 

ed to emotional stability is the 
have concerning the control of 
Do we control our own lives 
control”), or are we “run” by 


ole and outside forces (“external 


re is a personality test that meas- 


ures this dimension of internal-vs.-external 
control. People who rate high in internal 
control feel independent and often act 
freely. Persons rating low in internal con- 
trol tend not to feel free to say and do what 
they really like. Internal-control people are 
better able to manage themselves. For ex- 
ample, they give up smoking cigarettes more 
easily than external-control individuals. 

In addition to feelings about how they 
relate to others and about how they control 
their own lives, people have needs. Accord- 
ing to Henry Murray, people need to love 
and be loved, to avoid being hurt, to care 


What do these children see? 
Our personality determines 
how we react to stimuli. 
These children are respond- 
ing differently to the same 
situation: some are laugh- 
ing, others are almost 


crying. 
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NYPL — Picture Collection 


NYPL —Picture Collection 


UPI 
Do you think you can tell the personalities and the 
jobs of people just by the way they look? For exam- 
ple, could you guess why the people in the photo- 
graphs above are famous? They are an actress. 
poet, scientist, millionaire, labor leader, and even 
a murderer. Even if you may recognize some of the 
persons, try to judge from their appearances. The 
answers are on page 298. 
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for and help others, and s« But they 
differ in the strength of these neds, 

With the TAT, described carlier, psy- 
chologists can measure peo; 1eeds. For 
example, the TAT can meas he degree 


to which a person has the nee« to achieve, 


Another dimension of onality is 
called impulsivity-reflectivit ok at Fig- 
ure 2. Try to find the airpla \m below 
that matches exactly the air it the top. 
People differ in the speed v hich they 
do this Matching Familia: res Test, 
Impulsive people tend to ac kly, with- 
out thinking. Thus they m mistakes. 
Reflective people tend to a vly, care- 
fully thinking things through 

So far we have consid those di- 


mensions related to how le regard 


themselves, other people, ar rious life 
situations. But how about ex ore basic 
matters, such as the way we see, hear, and 
feel different things? 

People, psychologists have found, of- 
ten respond differently to a pry stimu- 
lus. A sensory stimulus is thing that 
causes one or more of our s organs to 
react. The augmenter-redu dimension 
indicates how people react t > intensity 
of a stimulus. Some people, calied augmen- 
ters, respond more and more yngly as a 
stimulus becomes more intense. Other peo- 
ple, called reducers, respond less strongly 
as a stimulus becomes stronger. High re- 
ducers tend to stand pain be than aug- 
menters do. Pain-killing dru such as 


aspirin, work better for augmenters. These 
drugs reduce the augmenters’ reaction to 
pain. 

After reading about the various per- 
sonality dimensions, you may wonder, 
which is it better to be? An introvert or an 
extrovert? Impulsive or refiective? An 
augmenter or a reducer? ; 

These are difficult questions but, 1 
general, the answers depend on what 4 
person wants to do. If you want to be à 
writer, it is often better to be an introvert. I 
you want to be an actor or politician, it 1$ 
better to be an extrovert. If you must make 
decisions on which people’s lives depend, it 
is usually better to be reflective rather than 
impulsive. In dangerous jobs and sports 


where you may be hurt, it is an advantage 
to be a reducer. 
However, people who show extremes 


of behavior may reflect an abnormal per- 
sonality. This, in turn, may indicate mental 
illness. Even if most people usually con- 


behavior to be “good,” it may be 
al ~ for example, a person who gives 
s much too much love. 


abnor: 
or deman 


DEVELOPMENT OF PERSONALITY 


y WH does personality come from? Is 
it inhei ? Or is it determined by a per- 
son’s experiences in life, and his interac- 
tions \ ther people? Research suggests 
that b heredity and environment play 
important roles. 


Every mother knows that babies differ 
from one another from the time of birth. 
These differences seem to be due to hered- 
such factors as the mother’s nour- 
vhile she carried the child before 
; also be important. 

An obvious biological difference exists 
between boys and girls. Later, as children 

and develop, sex differences become 
- Certain glands called endocrines 
rent physical effects on boys than 
These effects, in turn, produce dif- 
»sychological experiences. 

But male-female differences in per- 
sonality are not due solely to biology. The 
environment is equally important. Society 
tends to treat boys and girls differently from 
an early age. Mothers and fathers, for ex- 
ample, often give boys trains to play with, 
and give girls dolls to play with. 

Many personality theorists emphasize 
the importance of early childhood ex- 
periences in the development of the per- 
sonality. The founder of psychoanalysis, 
Sigmund Freud, held that childhood expe- 
riences determine the adult personality. 
Furthermore, he suggested that if a child 
were deprived of his mother’s love at an 
early stage, for example, that child might 
develop a personality disorder. 

Social and medical factors affect per- 
Sonality as well, both positively and nega- 
tively. Poverty, hunger, disease, pain, and 
violence may stunt the personality. Certain 
diseases can cause brain damage. 


Suzanne Szosz 
Children have long been conditioned -through 
toys, among other things—for a particular sex role 
in society. 


There is frequent disagreement among 
experts on the relative importance of hered- 
ity and environmental factors in shaping 
personality. The thing to remember is that 
neither heredity nor environment alone is 
responsible—both play important roles. 


ABNORMAL PERSONALITY 


At times, all of us do things that may 
be inappropriate and ineffective. For exam- 
ple, did you ever get angry at a friend or 
relative for something he actually did not 
do? Or were you ever afraid of something 
that really could not hurt you? On the 
other hand, some people characteristically 
act inappropriately to such a degree that 
we would consider their personality ab- 
normal and describe them as mentally ill. 

The term mental illness comes from 
the medical concept of disease. This con- 
cept holds that a physical agent, such as a 
germ or injury to the body, is the underlying 
cause of the patient's problem. In diagnos- 
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ing physical illness, a physician tries to de- 
termine the cause by looking carefully at 
the symptoms of the disease. Similarly, a 
psychiatrist views abnormal personality as 
a cluster of behavioral symptoms that indi- 
cates the nature of the underlying disease. 

But, as we have already seen, per- 
sonality is formed not only through physi- 
cal factors such as heredity and nutrition. It 
is also influenced by environmental experi- 
ences such as family structure and educa- 
tion. This is why at the present time scien- 
tists disagree as to the relative importance 
of biological versus psychological factors. 

Traditionally, scientists have divided 
abnormal personality into two major cate- 
gories, the neuroses and the psychoses. 
(The singular forms are neurosis and psy- 
chosis.) Have you ever heard the saying, 
“Everyone is neurotic?” In one sense this 
is true, because the neuroses are excesses 
or extremes of normal behavior. It is nor- 
mal and desirable, for example, to be afraid 
of automobiles when crossing a street. Al- 
though this fear keeps us from hurting our- 
selves, it does not keep us from actually 
crossing streets and using automobiles. 
Some people, however, have such extreme 
fear of cars that they may be unable to 
cross a street, or leave their house or even 
think about cars. These people are said to 
have a phobia, They often require profes- 
sional treatment. Other emotions, such as 
anxiety or depression, when extreme, may 
also be central elements of neuroses. 

In addition, excessive behavioral pat- 
terns, called obsessions and compulsions, 
may constitute a neurosis. For example, 
some people are sloppy; others are neat and 
tidy. If this tidiness, however, is carried to 
an extreme—so that every object in the 
person’s desk or entire house must be ex- 
actly in the same spot at all times —then 
the person may be said to be suffering 
from a compulsive neurosis. 


Answers to picture game on page 296: (1) Scientis: 
(Marie Curie); (2) Labor Leader (John L. Lewis); (3) 
Murderer (Ruth Snyder); (4) Poet (T. S. Eliot); (5) 
Actress (Maragaret Rutherford); (6) Millionaire 
(Howard Hughes). 
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In psychoses, unlike new 
dividual has difficulty in pe: 
correctly. Again, many of 
are extremes of behavior tha 
experienced at one time or an 
example, did you ever think th: 
did not like you, when in fact this 
the case? Some individuals, caile 
schizophrenics, make this m 
a degree that they may fee! i 
does not like them. 

Besides having such de) 
chotic individuals may shift 
treme and inappropriate fashi 
hear things that are not there. © 
withdraw totally from realit 
tionless in a state of cataton 

Psychotic disorders repr: 
extreme form of mental ill 
ly, they show the stronge 
genetic and biochemical orig 

Our outline of abnorn 
would be incomplete without : 
mention of character and p 
disorders. If an individual app 
little guilt or anxiety and co 
forms antisocial acts, he may 
to have a character disorder. like the neu- 
roses and psychoses, these disorders di 
velop for a number of reasons. A child 
may be a delinquent, for example, be 
cause that behavior is standard in his 
upbringing. Or because of mild brai 
damage the child may tend to act on im 
pulse and be less affected by punishment. 

Have you ever had a stomachache 
when you were upset? Our bodies react to 
Stress. Extreme, prolonged stress may pro- — 
duce injury to the body. When a person 
develops a medical or physiological prob- 
lem that does not have a physical cause, but 
rather a psychological one, he is said to 
have a psychosomatic disorder or disease: 

Some research suggests that personali- 
ty is related to these disorders. A person 
with excessive, pent-up anger may develop 
high blood pressure. A person with strong 
needs for love and affection may, in the face 
of prolonged stress, develop stomach ul- 
cers. In this area, however, as in many aS 
pects of abnormal personality, there ae 
still more questions than answers. 


ses, the i 
iving reality 


E ions c 
motions out of balance: detail from the painting The Madhouse, by the 
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artist Francisco Goya. 


by Gary E. Schwartz 


_ A child giggles with glee as the 

aced clown trips over a bucket of 
ter. We say this child is happy- A woman 
screams with terror when a large dog leaps 
at her. We say she is afraid. A man yells at 
the umpire for calling “Strike two!” Then 
he shouts “Hurrah!” as the next pitch is hit 


out of the ball park. We say this man is first 
angry, then very happy. Each of these peo 
ple is feeling and expressing an emotion 
Everyone knows something about the 
emotions. A day doesn't pass without our 
feeling emotions and observing them in 
others. At some moments we may not feel 
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Ronald A. Wilford 


Some people can convey “feeling states" very well. 
This famous mime can show joy, sorrow, anger, 
and fear without saying a word. 


any particular emotion. At other times we 
may experience combinations of them, such 
as happiness in winning a prize and sadness 
for a friend who did not. 

It has been said that everyone is an 
expert on the emotions. There is some truth 
in this. We all experience emotions, and 
these experiences are private. The only 
person who really knows what his emotions 
feel like is that person himself. Of course, 
we can guess or infer what another person 
is feeling, as we do when we see a child 
laughing at a clown. Or a person can tell us, 
“I am happy now,” But we cannot directly 
experience his happiness. What we can do 
is understand what happiness feels like for 
us, and then we can experience happiness 
for him. 

Mankind has long been fascinated by 
the study of human emotions. We can find 
discussions of the emotions in religions, 
medicine, the arts—in almost every human 
endeavor. But it has only been in the twen- 
tieth century that serious scientific investi- 
gation of the emotions has been conducted. 
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This research has provided 
standing of what causes en 
they develop; what purpose 
how we can, and do, contro! 
have some scientific basis fo 


some under- 
otions; how 
y serve; and 


ing how we experience and interpret our 
own emotions, and how we can tell what 
another person is feeling. We also under- 
stand how the emotions ca ome unbal- 
anced and lead to mental ərders. Re- 
search has uncovered w of treating 
these disorders. But before we can begin to 
understand what the rese: ‘as shown, 
we must first try to clarify what we mean 
when we talk about emotions 

WHAT IS AN EMOTION? 

First, and foremost, an emotion is a 
conscious experience. Joy rrow, fear, 
and hate are good example conscious 
experiences that are called emotions. How- 
ever, not all experiences “feeling 
states,” are classified as tions. For 
example, we would not consider hunger or 
thirst an emotion. Similarly would not 
call the sensation of pain or cold an emo- 
tion. 

Then by what rule or procedure do we 


label our experiences as emotions? This is 
one of the most basic and most difficult 
questions in the study of the emotions, and 
one that has yet to be fully answered. A 
partial answer is to indicate not what emo- 
tions are, but what they are not. Generally 
speaking, we do not use the word emotion 
to describe feelings associated with, Or 
caused by, specific localized parts of a 
body. The sensations of smell, taste, cold- 
ness and so forth fall into this category. Wa 
can tell that ice cream tastes sweet or tha 
our hands are cold. But it is almost imposs 
ble to describe in words what an emotion 
feels like, or from where the feeling comes 
For example, when you feel happy, where 
do you feel it? 

It is important to remember that the 
feeling state is an important component £ 
the emotions, and that we learn to 
these feeling states with words referring 
emotions. e 

Usually, emotion is more than Jus 3 
feeling state. It also involves (1) bodily pr® 


cesses and (2) action or behavior. Bodily 


processes are primarily controlled by the 
autonomic nervous system. They include 
changes in physiological responses such as 
heart blood pressure, breathing, and 
sweatin; 

Have you ever been so excited that 
you felt your heart throb or felt sweat on 
the palm: of your hands? These changes in 
bodily processes are related to experienc- 
ing emotions. They indicate that you are 
experiencing an emotion. If we notice such 


someone else, we may infer that 


wearing 

blush because of the increased blood flow 
to his f This bodily change tells us that 
the boy is embarassed. 

Emotions may also change our behav- 
ior, or the way we act. These changes may 
be menta! or physical. For example, when 
we are aid, we may think of things that 
can ha is, or we may act to avoid what 
frightens us (for example, we may run 
away) tivities such as thinking, talking, 
or moving our muscles as we run are con- 
trolled by the central nervous system. Thus 


both the central and autonomic nervous 
systems are involved in the effects of emo- 
tions. 
In 
tions are 


mary, we can say that the emo- 
feeling states associated with par- 


There is no explanation necessary here: love is 
clearly expressed by this couple. 


Lisl Steiner/Grolier 


ticular bodily processes and specific actions 
or behaviors. The relationship between 
what we feel, how our body reacts, and 
what we do will become clearer as we con- 
sider some basic characteristics of emo- 
tions and discuss the different kinds of emo- 
tions themselves. 


CHARACTERISTICS OF EMOTIONS 


One of the basic characteristics of an 
emotional state is intensity. For example, 
the emotion of anger ranges from slight 
annoyance to violent rage. Love ranges 
from casual affection to the most powerful 
of passions. Generally speaking, the more 
intense our emotions, the more “stirred up” 
are our bodily processes and the more apt 
we are to act. For example, if someone 
gains little pleasure from learning, he is less 
likely to work at his homework. Therefore 
he will receive poorer grades in school, In 
contrast, a person who derives a lot of en- 
joyment from learning is much more likely 
to work at his homework, and therefore will 
do better in school. Here the greater the 
pleasure, the greater the action—and the 
greater the reward. 

In some cases, however, strong emo- 
tions do not result in action. For example, 
as fear increases, our bodily processes usu- 
ally increase (our heart rate may speed up 
and we may breathe faster), but our actions 
may decrease. Someone who is slightly af- 
raid of snakes may be a little nervous when 
approaching a harmless garter snake, But 
he will pick it up if asked to or if need be, In 
contrast, someone who is extremely afraid 
of snakes may have violent bodily reactions 
to them. Not only may be fail to pick up a 
snake, he may be unable to look at a picture 
of a snake or even to think about one. A 
person with such a strong fear of something 
that is essentially harmless is considered to 
have a phobia. 

Some people have developed such 
strong phobias that they are unable to drive 
a car, cross a street, or even leave their 
room. These strong emotions are unhealthy 
and may require professional treatment. 
Not all intense emotions, however, are 
problems. In fact, most strong emotions, 
including fears, are essential to the survival 
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o ~Guillumette 


Control over expression of one’s emotions comes with age. The child at left is 
clearly upset—but what is the woman at the right feeling? 


of man or lower animals. It is healthy, ap- 
propriate, and absolutely necessary to have 
a strong fear of walking in front of a fast- 
moving car. Can you imagine what life 
would be like without strong emotional 
reactions to fire, poisons, and other dan- 
gers? We would not survive. Emotions, 
even strong emotions, are very important to 
our existence. Emotions only become a 
problem if they lead us to do things we 
shouldn't or keep us from doing things that 
we should certainly do. 

Because strong emotions arouse our 
bodily functions, it is important that intense 
negative emotions do not continue for very 
long periods of time. Otherwise it is possi- 
ble that physical damage to the inter- 
nal organs may occur. An executive under 
continual stress over the years may de- 
velop heart trouble or stomach ulcers. 
Physical problems produced by psychologi- 
cal causes are called psychosomatic disor- 
ders. Research on monkeys, rats, and mice 
demonstrates that even animals can devel- 
op psychosomatic disorders if certain 
Stresses continue for a long enough time. 
Many kinds of psychosomatic disorders 
can be successfully treated with a combin- 
ation of surgical and drug procedures as 
well as by reducing the sources of stress 
that affect the individual. 

You may still wonder: what value do 
the emotions have? Our emotions hlep us in 
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many ways. They keep us from doing 
things that will harm us, and th lead us to 
do things that are important enjoyable. 
In a sense, our emotions “drive” us to do or 
not to do things. This is why emotions 
are sometimes considered d! 

Our emotions not only help us, but 
they enable us to help and care for others. 
When we love someone, we are kind to that 
person and want him to be happy and suc- 
cessful and protected from harn - 

Another basic characteristic of the 


emotions is their relative pleasantness or 
unpleasantness. When we think of pleasant 
emotions, we think of emotions such as 
happiness, joy, and pride. Unpleasant emo- 
tions include grief, fear, and sadness, 
Which emotions do you find pleasant’ 
Which are unpleasant for you? 

Not all emotions are pleasant or uo 
pleasant; some may be neither. Fora 
ample, what does “surprise” feel li g 
Sometimes it is pleasant, sometimes it is w 
pleasant, and sometimes it is neither. To 
can probably think of some pleasant he 
prises, some unpleasant ones, and ot! e 
that are just “surprises.” Whether an adil 
tion is pleasant or not depends a great y 
on what has happened, what is happeid 
or what will happen. For example, win 
a prize may be a pleasant surprise, but s 
ting punished unexpectedly is usually 
unpleasant one. 


The great elist Tolstoy 
wrote: “H families are 
all alike ery unhappy 
family is ihappy in its 
own way.’ There is some- 
thing familylike about the 
different ple shown 
here. 


We now have a basic understanding of 
what the emotions are: feeling states asso- 
ciated with bodily processes that lead us to 
act or behave in certain ways. We also 
know that two basic characteristics of emo- 
tions are their intensity and the extent to 
which they are pleasant or unpleasant. 


MEASURING BODILY PROCESSES 


Before discussing different kinds of 
emotions, let us briefly talk about how re- 
Searchers measure bodily processes, ac- 
tions and behavior, and how this relates to 
what we do in our everyday lives when we 
observe emotions in others. 

Bodily processes can be directly mea- 
sured by means of a polygraph. When a 
polygraph is skillfully used to compare 
how we react bodily with what we are say- 
ing, it is called a “lie detector.” Bodily 
Processes can also be measured indirectly. 
This is what we do when we observe some- 
One blushing. However, we are not always 
aware what bodily processes we respond to. 

Measuring action or behavior is the 
other way researchers assess the emotions. 
For example, one measure of fear of snakes 
is how close a person will go to the snake. 
Another procedure is to have a person tell 


how afraid he is, or rate how he feels. In 
this way, researchers have developed the 
so-called “fear thermometer” to assess & 
person's fears. In our everyday living, we 
do very much the same thing, only not so 
systematically. We react to what a person 
does, what he says, how he says it, and how 


he looks. Is he smiling? Is his voice trem- 
bling? We put all these observations togeth- 
er to infer what a person is feeling. 
However, we do not always act as we 
feel. Sometimes we do things that we don't 
feel like doing. Sometimes we say we feel 
one way and then we act another, Actors, 
for example, successfully learn to “make 
believe” emotions, or learn to hide them 
Thus we cannot always tell what a person is 
feeling by what he says or by what he does 


EMOTIONS AND DRUGS 


Researchers know there are many 
drugs that can alter our bodily processes in 
such a way as to affect our emotional expe- 
riences. One such set of drugs is commonly 
referred to as sedatives OF tranquilizers 
They act to “slow us down” emotionally 
and make us less responsive. A doctor may 
prescribe a tranquilizer for someone who is 
very tense or very anxious and who cannot 
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Control of emotional expression is highly valued in 
some cultures and in some professions. Here a 
member of the military conveys no emotion as he 
stands guard. 


sleep or function because of his overarous- 
al. Emotional disorders of extreme overar- 
ousal are often effectively reduced by such 
drugs. 

Another set of drugs is called stimu- 
lants. They “perk us up” emotionally and 
make us more responsive. A common mild 
stimulant is caffeine, a drug found in most 
coffees. It is because of its caffeine content 
that coffee often gives us a “lift,” wakes 
us up, and helps us be more responsive. 
Some stimulants are very potent and may 
effectively counteract extreme depression. 
Under a doctor’s care, the use of strong 
stimulants can be very beneficial. 

Other kinds of drugs can also have pro- 
found effects on our emotions. These in- 
clude chemicals found in marijuana, narcot- 
ics, and hallucinogenic drugs such as LSD. 
These drugs may produce unpleasant as 
well as pleasant feelings. Also they can be 
very dangerous. Some are strongly addic- 


tive, and many can cause various kinds of 
damage. 


POSITIVE AND NEGATIVE EMOTIONS 


How many different kinds of emotions 
do you feel? You may be surprised to find 
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ll of them, 
hard to 


that it is very hard to specif 
Not only are emotional feel! 
describe in words, they are < lt to list. 
As a result, two people rarely agree on all 
of them. However, there are a number of 
basic emotions that most people experi- 
ence. We will consider some of them here. 
When we receive something that we 
want, or something happens that we like, 


we usually feel joy or happiness. Joy is a 
positive and powerful emot one for 
which we all strive. It is natural to want to 
be happy, and all of us search for happi- 
ness. As a general rule, joy occurs when we 
reach a desired goal or obtain a desired 
object. É 
Since people often des different 
goals and objects, it is understandable that 


one person may find joy in repairing an au- 
tomobile, while another may ‘ind joy in 
solving a math problem. Of course, we of- 
ten share common goals or ests, and 


therefore we can experience together. 
This may be in sports, in the arts, in learn- 
ing, in raising a family, or in just being to- 


gether. ; k: 
When we have difficulty in obtaining 


desired objects or reaching desired goals 
we experience negative emotions such as 
anger and grief. When little thing get in our 
way, we experience minor frustrations Or 


tensions. For example, if you are dressing 
to go out on a date, you may feel frustration 
when a zipper breaks or a button falls off. 
The more difficulty you have in reaching a 
goal, the more frustrated you may feel and 
the more angry you may become. If you 
really want something to happen, and you 
feel it should happen, but someone oF 
something stops it, you may become quite 
angry. ‘ 
Whereas positive emotions such as joy 
are easy to deal with and express, negative 
emotions such as anger are more difficult to 
handle and express. Anger in itself is not a 
bad emotion. Like all emotions, it serves an 
important function. If a person never got 
angry when people or things kept him from 
doing what he wanted or needed to do, ai 
might end up never doing anything at all! 
Therefore a certain amount of anger is nec 
essary and appropriate, and should be €x- 


———— Oe rn nn eee 


pressed, Bul, like any emotion, anger can 


It is normal to feel sadness, and it is 
natural and appropriate to grieve over an 
important loss. It is only when people can- 
not get over their sadness, or when they 
become very depressed over the slightest 
loss, that grief becomes a problem. As a 
general rule, emotional disorders occur 
only when emotional reactions are extreme 
and out of proportion to the situation that 
produces them. 

Whereas joy, anger, and grief are the 
primary emotions associated with desired 
objects and goals, fear is the primary emo- 
tion associated with undesired objects and 
goals. In fear, our reaction is not to ap- 
proach an object, but to avoid it. As men- 
tioned earlier, fear is an important emotion 
that helps protect us from harm. Feared 
things may be dangerous, painful, hideous, 
or unexpected. If you suddenly hear a 
friend scream behind you, you may experi- 
ence fear. But if your friend walks up to you 
and says, “I’m going to scream now,” you 
probably won’t be afraid. 


be misused and become a problem. If a per- 
son becomes extremely angry over a minor 
incident and then becomes overly aggres- 
sive or violent, this indicates that he has 
difficulty icting to frustration and con- 
trolling his anger. In general, most of us 
learn to ‘tively use and control our an- 
ger, for learn when it is appropriate to 
be angry «nd how best to express it. 
UNPLE, IT EMOTIONS 

If w se something that we value or 
desire, may experience grief. Grief 
varies i tensity from slight sadness to 
extreme depression and despair. The more 
somethi valued, the more sadness we 
experier upon its loss. Grief is not a 
pleasan \otion, and it may be difficult to 
handle. omeone we love becomes grave- 
ly sick ov dies, we may feel very depressed 
and sad, and these feelings may last a long 
time. With grief, there may be loss of sleep, 
loss of aspetite, crying, and withdrawal. 
Carnival t All societies have occasions that provide emotional release. Very 
often suc ceasions bring out little- 


make-up 


known sides of a person's emotional 
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An emotion very similar to fear, both 
subjectively and physiologically, is anxiety. 
When we are fearful, however, we usually 
know what it is that we fear. When we are 
anxious, we usually do not know what 
causes our anxiety. Like fear, anxiety 
serves an important function, for it arouses 
us, consciously and bodily, to search out 
potentially harmful events. 

Even animals experience some such 
fears and anxieties. Research shows that 
monkeys act very frightened when shown a 
picture of a monkey without a head or a pic- 
ture containing just the head of a monkey. 
Research also indicated that some fears are 
innate or instinctive, while others are 
learned through experience. 

Another general class of emotions is 
those related to sensory stimulation. The 
negative emotion of disgust is one that, oc- 
curs in response to extremely unpleasant 
stimuli; the bodily reaction of nausea usu- 
ally results. Human bodies ripped apart in a 
car accident is an example of something 
that may cause disgust. In contrast to dis- 
gust, many kinds of stimuli cause positive 
emotions such as delight. Music, paintings, 
dancing, even tastes and smells can cause 
pleasant sensations that we would call de- 
light. If something not only delights us, but 
is funny and makes us laugh, we experience 
the emotion called humor. 


EMOTIONS AND SELF-APPRAISAL 


There are large classes of emotions 
that relate to how we look at and appraise 
ourselves, One such set of emotions in- 
volves feelings of success and failure. 
When we do Something we consider a suc- 
cess, we usually experience positive feel- 
ings. If we do something we consider a fail- 
ure, we may experience negative feelings. 

What determines whether something is 
a success and failure? Two basic factors are 
involved: the standard that people set for 
us and the standard that we set for our- 
selves, 

Usually we feel most successful when 
our performance reaches other People’s 
expectations or standards as well as our 
own. Sometimes, however, we set our 
standards so high that we never cando well 
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Amusement parks provide an emotional release for 
their patrons. They give people th ance to enjoy 
fear: most of the dangers are unre 

enough to feel that we have succeeded, 
even though others tell us we have done 
well. Or others may set their expectations 
of us so high that, although we think we 
have done well, they feel that we should 
have done better. Fortunately people gen- 
erally set reasonable goals f hemselves 


with which other people agree. This is why 
most people feel they can and do succeed. 

Related to feelings of su and fail- 
ure are feelings of pride and shame. We are 
proud of ourselves when we succeed at 
things we do, while we may feel varying 
degrees of shame if we feel we have failed. 
Did you ever receive a poo ie at school 
which made you feel so as d that you 
didn’t want to tell anyone? 

Not only do we feel pride and shame 
for ourselves; we can feel these emotions 
for others as well. For example, we may 
feel pride for a friend if he scores the win- 
ning point at a soccer match, while we 
might feel shame for the same friend if at 
the last minute he tripped over the ball and 
lost the game. A common, mild form of 
shame is embarrassment, and, like shame, 
we can feel it for ourselves and for others. 

If we make a mistake or do something 
that we feel is morally wrong, or bad, We 
may feel the emotion of guilt. Guilt is a Very 
unpleasant emotion, one that most people 
experience as distressing or painful. How 
ever, like all emotions, guilt serves an 1m- 
portant function, for it helps to keep US 


acting and behaving in ways that will be 
helpful, not harmful, to others. Can you 
imagine a world without guilt? Without 
guilt, peor!< would be more apt to lie, steal, 
abuse, ©: “ill for what they wanted. Guilt 
is the em ion most related to the religious 
and morai structure of society. 


Just > too little guilt can be a problem, 


so can t uch guilt. Some people feel so 
bad abow themselves that they can never 
be happy. ‘hey feel that everything they do 
is wrong or worthless. For these people, 
professi treatment may be necessary. 
LOVE AND HATE 


We e saved as a final set of emo- 


tions the ‘wo most important emotions per- 
taining to other people: love and its oppo- 
site, hate. Love can be seen everywhere. 
Yet surprisingly, love has been the subject 
of less scientific research than other emo- 
tions, s as anger and fear, The reason 
for this my be twofold. First, love is a very 
complex «motion, difficult to describe and 
measure. Secondly, unlike many extreme 


emotions, extreme-love is generally not a 
problemi: thus less medical attention has 
been paid toit. 
t is love? This is a complex ques- 
juires a complex answer. Love 
uring, strong, positive attraction 
and feeling for another person or thing. But 
itis more than this. It also involves feelings 
of caring, protection, excitement, and ten- 
derness. When two people are in love, they 
feel drawn to one another; they greatly en- 
joy each other’s company; and they may be 
sexually attracted to one another. 

Sometimes it is easier to think in terms 
of different kinds of love: “puppy” love, 
romantic love, brotherly love, and so forth. 
Though they differ in some respects, they 
share one important characteristic: a strong 
Positive feeling toward another. 

Our feelings toward other people are 
often complex. We may love someone and, 
at the same time, be angry with him. Or we 
may love someone, even though we are 
jealous of him. We might even love some- 
one and, at the same time, hate ‘him for 
Some specific reason. p 

Hate is a strong negative emotion to- 


ward someone, and is due to anger, jealou- 
sy, or some other factor. Like love, hate 
can be a very strong emotion. It can also be 
very dangerous. The question is often 
asked, “Is it bad to hate?” The best answer 
is probably “sometimes yes and sometimes 
no.” Usually hate does not help us; it makes 
us feel unhappy and makes us do things 
that may hurt others. However, sometimes 
it may be necessary to hate and hurt some- 
one in order to protect loved ones. 


LEARNING AND DEVELOPING EMOTIONS 


How does a person become the emo- 
tionally complex person he is? What are the 
origins of his daily frustrations, his morbid 
fears, his feelings of love? Is a person born 
with all his emotions or are they learned? 
Or do the emotions develop both through 
maturation and learning? 

Research has shown that the emotions 
do develop and mature from infancy 
through adulthood, partly as a function of 
the growth and development of the central 
and autonomic nervous systems. Some 
emotional responses are inborn, although 
they may not appear until the child has 
reached a certain stage of growth. How- 
ever, research also shows that many emo- 
tional responses are learned through expe- 
rience. In view of the complex nature of our 
emotions, it is not surprising that their de- 
velopment should be equally complex. 

A newborn baby is a helpless, undevel- 
oped organism that does little more than 
drink milk, move around a bit, cry when 
hungry or uncomfortable, and sleep. How- 
ever, if you startle a baby by sounding a bell 
or flashing a light, you may cause the baby 
to cry. The young infant does react to pain, 
discomfort, or startling stimuli, but his reac- 
tions are of a very global, uncontrolled na- 
ture. We might say that ‘his emotional life 
simply consists of degrees of comfort and 
discomfort. 

As the baby grows and develops, he 
learns to interact with people and things in 
his environment, and his emotional respon- 
ses begin to increase in number. By the age 
of five months, a baby may show signs of 
both pleasant and unpleasant emotions, in- 
cluding distress and even anger. Delight 
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may clearly be present by the third month, 
while most signs of love and affection may 
not until the baby is 10 or 11 months old. 


CONDITIONING 


In the same way that a child must be 
able to move his arms and legs before he 
can learn to walk, the child must physiolog- 
ically be capable of producing and experi- 
encing particular emotions before these 
emotions can be modified through learning. 
Psychologists have found that there are two 
basic processes by which learning takes 
place. One kind of learning is called classi- 
cal conditioning. This occurs when one 
event or stimulus is consistently paired 
with, or followed by, a reward or punish- 
ment. It is through classical conditioning 
that a child learns to associate his mother’s 
face and voice with happiness and love, for 
he learns that this person provides food and 
comfort. Negative emotions are learned in 
a similar fashion. If a child is bitten or star- 
tled several times by a dog, he may learn to 
associate furry animals with pain or startle 
and thus develop a fear of furry animals. 

The second kind of learning is called 
operant conditioning. This occurs when an 
individual learns to do things that produce 
rewards in his environment and learns not 
to do things that produce punishments. For 
example, if a mother always attends to her 
baby when he cries and cuddles him until 
he is quiet, she may teach him that if he 
cries he will get attention from mother. 
Thus, the baby will learn to increase his 
crying in order to have his mother more. 

Every day, we grow and have new 
experiences. We constantly learn by read- 
ing, watching television, interacting with 
other people, and so forth. This learning 
affects our emotions. Why is it that we learn 
to like Some people and dislike others? Ifa 
person is nice to us, cares about us, and 
tries to do positive things for us, we learn 
through classical Conditioning to associate 
this person with Positive feelings, such as 

joy, happiness, and friendliness. On the 
other hand, if a person is mean to us, does 
not care about us, does not try to do posi- 
tive things for us, and even deliberately 
does things to harm us, we learn to asso- 
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ciate this person with n ve feelings, 
such as unhappiness, disco t, and anger, 

Usually there are v few people 
whom we completely like « ike. This is 
because there are good s and bad 
points to every person, an ry relation- 
ship generally has some bination of 
both. This is why our feeli: Sout anoth- 
er person may be very co . Also our 
feelings may change as grow and 
change, as situations chan; id as other 
people grow and change. D 1 ever have 
a friend whom you event found that 
you no longer liked? Or you ever 
known someone you initi isliked but 
later found you liked? 

We also continue to | hrough op- 
erant conditioning. For exa if we tella 
few jokes to a person, and person re- 
sponds to our jokes with | er, we will 
learn that telling jokes to t! son is fun. 
Therefore we will be mo morous in 
his presence. On the other d, we may 
tell a few jokes to someon o does not 
like jokes or cannot at that ti njoy them. 
He may respond negatively ! ur jokes by 
not laughing or by frowning is we learn 
to be less humorous wit! is person. 
Learning to control our tions with 
different people and in different places is 


natural and necessary. 

Besides being affected 
and learning, our emotions ar affected by 
the level of our bodily processes. For ex- 
ample, when we are hungry, the sight of an 
ice-cream sundae may produce strong, pos- 
itive emotions of desire and delight. HoW- 
ever, when we are not hungry, or have over- 
eaten and are very full, the sight of an Ice- 
cream sundae may no longer produce a 
positive emotion. Instead it may produce 
disgust and nausea. PF 

In other words, how we react emotion- 
ally depends not only on maturation an 
learning but on how we feel at that moment. 
A child may normally giggle with glee as he 
watches a clown. But if the child has been 
scolded or doesn’t feel well, he may not 
find the clown’s performance amusing: 
Similarly your emotional responses to ya 
ous stimuli will vary, depending on wha 
factors influence you at the time. 


maturation 


It is difficult to imagine what life would 


thousands of everyday perceptions, the 
bases for the decisions we make, and the 
roots of our habits and skills are to be found 
in our past experiences, which are brought 
Into the present by memory. 
i Memory can be defined as the capacity 
Y keep information available for later use. 
It includes not only “remembering” things 
like arthmetic or historical facts, but also 
involves any change in the way an animal 
typically behaves. Memory is involved 
when a rat gives up eating grain because 
he has sniffed something suspicious in the 
grain pile. Memory is also involved when a 
i! child learns to swing a baseball 
et Memory exists not only in humans and 
nimals but also in some physical objects 


be like without memory. The meanings of 


Robert Norman Haber, Univ. Rochester 


Menyen can briefly retain images “photographically.” Here, a boy is being 
He i or jetic memory.” After he has examined the picture, it is removed. 
en e experimenter what he sees on the blank background. 


MEMORY 


by T. K. Landauer 


and machines. Computers, for example, 
contain devices for storing data for later 
use. It is interesting to compare the memo- 
ry-storage capacity of a computer with that 
ofa human being. The instant-access mem- 
ory of a large computer may hold up to 
100,000 “words” — strings of alphabetic or 
numerical characters—ready for instant 
use. An average U.S. teenager probably 
recognizes the meaning of about 100,000 
words of English. However, this is but a 
fraction of the total amount of information 
which the teenager has stored. Consider, 
for example, the number of faces and places 
that the teenager can recognize on sight. 
The use of words is the basis of the 
advanced problem-solving intelligence of 
human beings. A large part of a person’s 
memory is in terms of words and combina- 
tions of words. But while language greatly 
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expands the number and kind of things a 
person can remember, it also requires a 
huge memory capacity. It may well be this 
capacity that distinguishes humans, setting 
them apart from other animals. 


THREE ASPECTS 


The process of memory can be divided 
into three aspects. The initial storage of 
new information is called learning. Next 
there is retention: keeping the new informa- 
tion available. A failure of retention is 
called forgetting: the loss of the new infor- 
mation over a period of time. Finally there 
is the process by which stored information 
is utilized or retrieved. In this article we 
will discuss some of the major aspects of 
learning, retention and forgetting, and re- 
trieval of memories. We will also consider 
the physical basis of memory storage in 
animals, and how a person can make his 
or her memory work most effectively. 


LEARNING PROCESSES 


The essence of learning is that, after- 
ward, an organism is able to react in a new 
way to an old situation. This change in an 
animal can be produced in several different 
ways. These include: 

Adaptation. When a stimulus that pro- 
duces a natural response is presented over 
and over again, the organism's reaction be- 
comes less and less vigorous. For exam- 
ple, the sound of a gun being fired would 
normally startle a person. But if he hears 
the gunfire a second, third, fourth, or tenth 
time, he ceases to be startled by the noise: 
he has become adapted in his response. 
This illustrates how experience can change 
the way in which an animal behaves; in- 
volved is a simple form of memory. This 
kind of learning is only temporary. A short 
rest will usually restore the effectiveness 
of the stimulus. 

Imprinting. One special kind of memory 
formation occurs in some animals very ear- 
ly in life, as the following example illus- 
trates. A week-old duckling will follow its 
mother, and only its own mother, every- 
where. But a 12-hour-old duckling will fol- 

low anything that moves, even a block of 
wood pulled along. A duckling learns to 
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As she practices the movements ed to ride a 
bike, this girl will become more nore profi- 
cient. Once she has learned this she will re- 
member it for many years. 

follow the first thing that pa it at the 


right speed during a particolar critical 


period in its development —« t one day 
of age. Whatever it follows ‘uring this 
Period, it will always follow. Lu: kily for the 
duck, it is usually its mother. Fecause this 
kind of learning occurs rapidly sad is hard 
to undo, it has been called imprinting. | 
Classical conditioning. When two stim- 


uli are repeatedly encountered together, 
the first one may, if circumstances are right, 
take on some of the properties of the sec- 
ond. The 19th century Russian physiolo- 
gist, Ivan Pavlov, taught a dog to salivate 
at the sound of a bell, by making an effec- 
tive stimulus for the salivation reflex — food 
in the mouth—occur repeatedly right after 
the bell. This kind of conditioning works 
only if the stimulus pairing occurs in the 
right way. The new stimulus must come be- 
fore the originally effective one, and it is 
usually best if they are separated by exactly 
one-half second, neither more nor less. 
Trial-and-error learning, or operant con- 
ditioning. Another way of inducing a change 
in typical behavior is to reward an animal- 
that is, to make some special event follow 


when it behaves in a certain manner. This 
kind of training is familiar to everyone who 
has rewarded a dog by patting it on the head 
when it rms a trick. As in other forms 
of conditioning, very specific arrangements 
are essc | to efficient learning. For ex- 
ample, > reward is delayed by more 
than a fi conds, learning will occur very 
slowly 

Mo ‘earning. As people practice a 
new mi ent skill, their proficiency in- 
creases movement becomes smoother 
and mor ror-free. Spacing of practice is 
importan: ın this and many other kinds of 
learning person learns to throw a basket- 
ball, pla violin, or operate a typewriter 
much more efficiently if practice is divided 
into man. short periods. The same amount 
of prac lone all at once is not as ef- 
fective. 

Stir recognition memory. A very 
impressi orm of memory is the ability to 
recognize familiar things. Shown several 
hundred randomly selected photographs 
over a p d of several hours, a person is 
able to distinguish them from similarly se- 
lected new photographs with almost per- 
fect accuracy, One special and quite rare 
extension of this ability is eidetic imagery, 


or so-called photographic memory. Min- 
utes afler seeing a picture, a person with 
eidetic imagery can stare at a blank sheet 
and read off the images almost as if he were 
actually looking at the picture again. Eidetic 
imagery seems to be more common in chil- 
dren than in adults. Scientists have specu- 
lated that it may be a natural ability that 
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vanishes as a person learns to read and 
begins to use words instead of visual images 
as a basis of memory. 

Verbal learning. Since words are so im- 
portant to people, many laboratory studies 
of human memory have concentrated on 
memorization of words and wordlike stim- 
uli. For example, a typical experiment on 
human learning would have the learner try 
to memorize the pairs of nonsense syllables 
and digits shown in Figure 1. The object is 
to learn which digit goes with each syllable. 
As a person studies such a list over and 
over, he remembers more and more pairs. 
Try it. 

RETENTION AND FORGETTING 


New behavior may or may not last for 
a long time. Consider the usual fate of a 
newly encountered 7-digit phone number. 
After one hearing, the average person will 
not remember the number permanently, but 
he will remember it temporarily, for per- 
haps half a minute. A measure of a person’s 
capacity for this type of memory is called a 
memory-span test. A digit-memory-span 
test consists of reading longer and longer 
strings of digits—4, 5, 6—until the subject's 
limit is reached. The limit, or digit span, 
is defined as the length of the longest 
string that can be remembered, immedi- 
ately after it is presented, at least half 
the time; for the average person this is 
between 6 and 8. s 

This kind of learning produces what is 
called short-term memory. Things that are 
close to the memory-span limit are forgot- 
ten within seconds or minutes if they are 
not rehearsed. Even after thorough learning 
with many practice trials, some forgetting 
eventually occurs. You practice a list of 
French vocabulary words over and over 
again until all of them are mastered. Will 
you still know them perfectly two days la- 
ter? You will probably remember only 
70-80 per cent of the words. 

The kind of memory that results from 
thorough practice is often called long-term 
memory, because forgetting takes days, 
months, or years, rather than seconds or 
minutes. One of the earliest studies of long- 
term memory was carried out by the Ger- 
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Fig. 2. This retention curve 
shows that nonsense sylla- 
bles are forgotten quickly 
at first and then more slow- 
ly as the time since memo- 
rization increases. After 
one hour, for example, the 
person remembered less 
than half the syllables. Test 
yourself, using the sylla- 
bles in Figure 1 or by pre- 
paring your own list. 


RETENTION (saving score percentage) 


man psychologist Hermann Ebbinghaus, 
the inventor of “nonsense syllables.” Eb- 
binghause taught himself hundreds of 
strings of nonsense syllables (such as bip, 
fiq, naw, rof, puz . . .). After studying each 
string until he could recite it perfectly, he 
waited varying amounts of time and then 
tested himself by seeing how long it took to 
learn the same string again. The “forgetting 
curve” that he obtained is shown in Figure 
2. The measure of the amount of material 
he remembered is in terms of the time saved 
in relearning as compared with the original 
time he spent learning the same list. You 
can see that after just one hour, Ebbing- 
haus remembered only 44 percent of what 
he had learned. 

These data are often taken as an indict- 
ment of memorization in general—if one 
forgets so fast, what’s the use of memoriz- 
ing something? But there is more to the 
story. The rate of forgetting depends on 
how learning is accomplished, on what is 
learned, on what has been previously 
learned, and on what happens between 


Fig. 3. The pairs in column A are easily confused 
with those in column C, 
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learning and remembering. For ‘bbinghaus 
all these factors were about > ‘heir worst. 
His forgetting curve therefo: represents 
one of the most rapid case forgetting 
ever observed. 

Rapid forgetting usually © -curs if the 
learner previously memorized : ‘arge num- 
ber of similar things—new ano -id learning 
apparently become confused :¢ memory. 
Ebbinghaus of course had alre+dy learned 
hundreds of such lists. In adeivon, if one 
learns minimally—for example, for only a 
single correct recitation (as i obinghaus 
did)— forgetting is much more rapid than if 
practice is more thorough. 1f /bbinghaus 
had never learned a nonsense syllable 


before, and if he had practiced twice as 
long, he might well have remembered as 
much as 80 per cent as long as a week later. 
It is also known that meaningful things, 
those about which something is known be- 
forehand, are lost much less rapidly than 
are meaningless things like nonsense sylla- 
bles. 

Scientists currently attribute the major 
Portion of forgetting to something called 
interference. Interference is simply con- 
fusion—the fact that a person who has 
learned two similar things will have trouble 
keeping them separate. The pairs shown in 
column A of Figure 3 are highly confusable 
with those in Column C, while those 1n 
Column B are not. If all three lists are 
learned equally, say to a single correct reci- 
tation, A and C will be forgotten much 


Fig. 4. X G A R 

T Z FB 
more rapidly than B (test yourself—try 
memorizing them now and recalling them 


tomorrow.) {s forgetting due solely to inter- 


ference? We do not know. It is conceivable 
that the nervous system can simply lose the 
physical record of what has been laid down 
in memory 
RETRIEVAL 


Some of the effects of interference do 
not occur until the person tries to use the 
remembered material. This can be illustrat- 
ed in the following way. Eight letters visual- 
ly arrayed in two rows of four, as shown in 
Figure 4, are flashed on a screen for a half 
second or less, and the observer immedi- 
ately tries to report them. Ordinarily, the 
average person could not remember more 
than four or five of them. But if within a 
second after they disappear he is asked to 
name only the top four, or only the bottom 
four letters, he can usually do so perfectly. 
Apparently all 8 letters have been stored, 
but the act of retrieving the memory of 
some destroys the memory of others. 

Another interesting aspect of memory 
retrieval is the fact that a great deal of the 
information that a person has stored is not 
immediately available at any one time. One 
example of this is inherent in the method of 
measuring memory used by Ebbinghaus, as 
described earlier. Even when he was able to 
recall almost nothing from a previously 
learned list, he could relearn it in at least 
20 per cent fewer trials. Apparently, things 
once learned are never completely for- 
gotten. 

Another example of the problem of 
retrieval is the “tip of the tongue” feeling. 
Although you are unable to remember a 
word or a name, you still “know” that you 
know it. Usually you will remember it if 
you are given a little help—a list of alterna- 
tives from which to choose, or a hint of 
some kind. Or after a while the word may 
spontaneously pop into your mind. Often 
you can correctly report the first letter or 
length of a word that you “can’t remem- 


ber.” This tells us that the information must 
be there, but the location tags in your men- 
tal filing cabinet have been mislaid or are 
inadequate. 

As you can see, a person's knowledge 
of what he does or does not know is imper- 
fect. An individual usually has a strong feel- 
ing of knowing something when he first 
memorizes it, despite the fact that it will be 
forgotten rapidly unless he practices. On 
the other hand, he can fail to recall some- 
thing that he actually knows. It is particu- 
larly hard to recall facts, or to estimate how 
much you really know, when you are out of 
the situation in which the learning took 
place. Thus a great deal of school learning 
seems to evaporate when you are finished 
with your last exam and out of school. 
However, it is lurking in your memory, 
ready to make itself useful when an appro- 
priate environment for its use is again en- 
countered. 


PHYSICAL BASIS OF MEMORY 


Information enters the brain as brief 
impulses transmitted over nerve cells. For 
long-term storage these impulses must be 
converted into changes in the structure of 
the nervous system. What these changes 
are and how they occur are still mysteries, 
but we have some ideas. It is thought that 
entering nerve impulses set up active short- 
term processes that decay quite rapidly. In 
turn, these short-term processes induce the 
formation of more permanent traces. 

Several lines of evidence support this 
view. In one kind of experiment the activity 
of the brain is disorganized by an electri- 
cally induced seizure immediately after an 
animal has a learning experience. Imagine a 
rat that has just stepped from a platform 
onto a hot floor. If the activity of his brain is 
disrupted within five seconds after the ex- 
perience, he will step off just as fast the 
next time. He will show no sign that he 
remembers the condition of the floor. 

Other evidence comes from certain 
pathological conditions that have been ob- 
served in man. When the temporal lobes of 
the brain are destroyed by disease or re- 
moved by surgery for tumors, a person may 
lose his ability to store new information. He 
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retains his old memories: he still knows his 
name, knows how to talk, is able to perform 
customary tasks, and so on. His short-term 
memory may be unimpaired. He can still 
recall the same number of digits immedi- 
ately after hearing them. But he may be 
completely unable to remember anything 
new for more than a few minutes. He may 
not remember a new name or phone num- 
ber, or even that he was looking for some- 
thing by the time he walks the length of a 
hospital corridor, New memories simply 
are not entered in a permanent form. 

How is information stored in the ner- 
vous system? One widely favored possibili- 
ty is that a physical change occurs at nerve 
junctions called synapses. A synapse is the 
place where one nerve cell meets another. 
It is where impulses are transmitted from 
one path in the nervous system to the next. 
If experience and practice can alter syn- 
apses, there will be changes in the path that 
impulses take through the nervous system. 
This, in turn, will change the individuals 
behavior. 

A second possibility involves a funda- 
mental change in the metabolism of particu- 
lar nerve cells. For example, the change 
might be in the structure of molecules im- 
portant in determining the structure and 
function of a cell. 
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learned nount of re- 
tention determined 
by takir ast. Actually, 
tests he! event forget- 
ting, esp if the materi- 

al is fairl arned. 

Hays, from Monkmeyer 

If memory is stored ir form of al- 
tered molecules, some in itors have 
Suggested that it might b insferable. 
They suggest that an anima mory may 
be transferred by extractin ese mole- 
cules from its brain and inje them into 
another organism. To test th eory, rats, 
mice, or flatworms are trair to make a 
response. Then one or ano! of these 
kinds of molecules is extra: from the 
trained animals and injected into untrained 


animals. The recipient animals are then 
trained in the same task, and their learning 
compared with that of control animals, or 
ones that receive injections from untrained 
donors. Some investigators have reported 
positive results. But there have also been 
many negative or inconclusive results, $O 
that a great deal of caution is necessary 
when interpreting the data. f 
Another interesting question is the 
location of memory in the nervous system. 
Are there special parts of the brain that E 
responsible for storing memories? Pan 
investigators theorized that if they remor 
Portions of a rat’s brain, bit by bit, the a 
would lose, one by one, the habits he hai 
previously been taught. This did not prove 
to be the case. Instead the scientists ie 
that whole large areas of the brain had to f 
removed before there was any appreciable 


effect on animal’s memory. It now ap- 
pears the’ rious parts of the brain are spe- 
cialized {+ “unctions such as analyzing cer- 
tain qua of experience or organizing 
certain : cts of responding, rather than 
for stori: »ecific memories. 

MAKING MORY WORK 

The no magical formula available 
yet for 1 ig everyone a wizard of memo- 
ry. Mar the gimmicks that one hears 
about h proven to be mostly wishful 
thinking `r example, learning in sleep 
has nev een shown to be effective. In- 
deed, o f the most important require- 
ments Í arning is to pay attention. This 
also rel to the use of hypnosis, another 
potenti: “magic” learning aid. Under 
hypnot iggestion people do learn a little 
faster, | he advantage is of just the mag- 
nitude eŁpected if a person concentrates 
harder i ny reason. 

Ther. are many variables that may 
make a ©) “erence in how well you learn and 
remem! something. We have already 
mentioned the importance of spacing prac- 
tice. It i+ usually better to study or practice 
a particular thing a little at a time rather 


than ali at once, at least insofar as its mean- 
ing and logic are not impaired. Even the 
way in which a flash-card deck of, say, 
French-English vocabulary equivalents is 
arranged for memorization can make a dif- 
ference. If the same card is studied twice in 
a row, the second practice does almost no 
good. It is best to study one card for a 
while, then put it away while you study at 
least six or eight others. 

After something has been learned, the 
degree of retention may be greatly influ- 
enced by the manner in which practice was 
organized. If instead of learning just to mas- 
ter, the learner goes on to study more, his 
rate of forgetting is much less rapid. Tests 
are even more effective in preventing for- 
getting. In some cases less will be forgotten 
in a month with a properly arranged test 
than in a single day without one. Tests are 
probably most effective, as compared with 
just more studying, when the material is 
already fairly well learned. i 

Certain methods of organizing informa- 


tion as it is learned can make it easier to re- 
tain and retrieve. These “tricks” are some- 
times called mnemonic devices. For exam- 
ple, medical students often try to remember 
a sequence of nerves by memorizing a 
poem in which the first letter of each word 
stands for the first initial of a nerve. Junior- 
high-school students use the same trick to 
remember the order of planets: “My very 
energetic mother jumped swiftly under- 
neath Pluto.” Another technique is to cre- 
ate a vivid visual image—one full of bizarre 
and unusual features—incorporating the 
thing or things to be remembered. To re- 
member Mr. Appleby, imagine a large red 
apple with a B on it. Another method is to 
invent a code by which a complicated pat- 
tern can be reduced to a simple one. Or if 
you were trying to remember a large num- 
ber of words without respect to their order, 
it would help to group similar words to- 
gether—all things having to do with farms, 
for example. 

These memory aids work by organiz- 
ing the material to be learned and making it 
more meaningful. They thus take advantage 
of things the person already knows to help 
make new connections more varied, rich, 
and salient. Under what conditions these 
various memory aids work and do not work 
has not yet been established. 

Does memorizing make a person a bet- 
ter memorizer? The answer is complicated. 
By memorizing nonsense syllables, you will 
not become better at learning poetry, 
French, biology, or baseball averages. On 
the other hand, memorizing nonsense sylla- 
bles will influence in two ways your future 
memory for nonsense syllables. The more 
nonsense syllables you learn, the faster you 
will learn them. But you will also begin for- 
getting them more rapidly. A 

The use of various memory aids, to- 
gether with proper organization of practice 
time and other good study habits, will in- 
crease your ability to learn and retain infor- 
mation. But simply doing a lot of memoriz- 
ing will not strengthen your memory. In 
general, practice makes you good only at 
exactly what you learned. But, if what 
you learn is applicable in detail in new 
situations, you will be better off. 
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HUMAN EMBRYOLOGY 


by Charles C. Macklin 


Human beings are mortal and their life 
Span is comparatively brief, even under 
ideal conditions. Fortunately, like all other 
living things, human beings can reproduce 
their kind and thus assure survival of the 
Species. 

One-celled forms of life, such as ame- 
bas and diatoms, reproduce by fission: a 
cell divides into two, and each of these rep- 
resents a new individual. Fission also 
occurs among certain multicellular organ- 
isms. Some of these life forms reproduce 
vegetatively. A part of the original organ- 
ism, removed from the main body, grows 
into another organism of the same type. 
Other plants and animals bring new repre- 
sentatives of their species into being by 
means of single cells called Spores. 


SEXUAL REPRODUCTION 


In the higher forms of life and in many 
of the lower forms, too, sexual reproduc- 
tion takes place. Two kinds of sex cells, or 
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gametes, are involved in the process: the 
male gamete, or sperm, and the female 
gamete, which is called the ovum, or egg. 
Under normal conditions, only when an a 
is fertilized by a sperm can a new individual 
arise. 

The sex cells of humans represent on 
a part of the many thousands of millions i 
cells found in the human body. Each cel 
contains a core, or nucleus, in which there 
are a number of chromosomes. At certain 
phases of cell division, the chromosomes 
are elongated and intertwined. At other 
phases, they become shorter and thicker, 
forming distinct units. Chromosomes ea 
hereditary factors called genes. Huma 
cells—except for mature sex cells— gener 
ally have forty-six chromosomes. Me 
human sex cells, however, have only 
twenty-three chromosomes. d 

The sex cells of humans are pr oduc 
in the gonads, or sex glands — the ovaries ! 
the female and the testes in the male. 


number © accessory sex organs also serve 
the repr» .ictive process. These organs in- 
clude th. venis in the male and the uterus, 
or wom) in the female. Certain secondary 
sex ch teristics also develop. Among 
these a+ hair growth on the face in males 
and bre. | development in females. 
FEMAL! SEX ORGANS 

Th varies, in which female sex 
cells — »ya—are produced, are almond- 
shaped © vuctures, which lie in the pelvis. 
The o evelop from cube-shaped cells 
coveri ich of the two ovaries. Columns 
of thes: -ubical cells penetrate deep within 
the ov Tiny cell groups then break off 


from penetrating columns. These 
> called primitive Graafian folli- 


group 
cles. ©.) consists of a comparatively large 
cell, s unded by a single layer of smaller 
cells. central cell is the primitive ovum, 
which say later develop into a mature 
ovum 


Wiihin the ovary of a sexually mature 


female. one of the primitive Graafian folli- 
cles ns to mature from time to time. 
The ce!'s surrounding the primitive ovum 
multi; until they form several layers. 


Finally ihe follicle ruptures and the ovum is 
dischs zed from it. This process is called 
ovulation. The ovum, still immature, makes 
its way from the ovary into a slender tube— 


The ova are produced all at once, but usually only 


one ovum matures at a time and is released from 
the surface of the ovary. 


Fallopian tubes 


the Fallopian tube—where it becomes 
mature. There are two Fallopian tubes, one 
leading from each ovary. It is while the 
ovum is in one of the Fallopian tubes that it 
may be fertilized by a sperm. The ovum 
finally makes its way into the broader end 
of the uterus, a hollow, pear-shaped organ. 
If the egg has been fertilized and if condi- 
tions are favorable, it will develop into an 
embryo in the uterus. If it has not been fer- 
tilized, it will degenerate and will be passed 
out in the menstrual flow. 

The small, narrow end of the uterus is 
called the cervix. The cervix opens into the 
tubular vagina, which receives the male 
organ in the act of copulation, or sexual 
union. In the case of virgins, the opening to 
the vagina is usually partly closed by a 
membrane called the hymen. 

We noted that the breasts, or mam- 
mary glands, of women are secondary sex 
organs. They are made up of a mass of glan- 
dular tissue, which can secrete milk when 
properly stimulated. The milk is transport- 
ed along ducts to the nipple, from which it 
is withdrawn by the suckling infant. The 
nipple is covered by dark skin. It is sur- 
rounded by a dark area called the areola. 


MALE SEX ORGANS 


The two testes of the male are egg- 
shaped bodies, which are enclosed in a 


The testes of the male are counterparts of the 
ovaries of the female. Unlike ovaries, they produce 


sperm for many years. 


Ductus 
epididymis 
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Cavity of 
uterus 


pouch called the scrotum. The scrotum is 
outside the body cavity, at the bottom of 
the abdomen. The Sperm produced in the 
testes are transported to the female Sex or- 
gans by way of the external male organ 
called the penis. The penis also serves to 
discharge urine. 

After leaving the testis, the sperm trav- 
els along a slender twisted tube, over six 
meters in length—the ductus, or vas, epi- 
didymis. This elongated tube leads into the 
ductus, or vas, deferens. This is a muscular 
tube with a much larger caliber than that of 
the vas epididymis. The duct from the sem- 
inal vesicle empties into the vas deferens. 
Each of the two testes has the conducting 
system that we have just described, 
of copulation, 
a secretion in 


prostate gland 
the urethra. The mixture of 


The sperm have now become very ac- 
tive. Under the microscope they are seen to 
be in violent motion. Each has a somewhat 
spadelike head, attached to a long filament, 
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Fallopian 
tube 


1. Graafian fol! discharges egg. 
2. It moves t allopian tube. 
3. A sperm er e egg. 4. The 
egg continues ng along the 
tube. 5, The tv is fuse: this is 
fertilization. 6 zygote begins 
to divide. 7. Mc tage. 8. Mor- 
ula enters ute ). Morula be- 
comes implan terus. 
Fimbriated 
extremity 
the flagellum, which propels iie sperm by 


means of lashing movement 
FERTILIZATION 


After the semen has be leposited in 


the vagina as the result opilen 
sperm make their way up uterus by 
their own movements and by contractions 


of the uterus. Then they enter the Fallopian 
tubes. If there is a mature egg in one of the 
Fallopian tubes at this time, a sperm may 
penetrate the egg. When this happens, the 
male and female pronuclei merge. This 
constitutes the act of fertilization. The cell 
is now known as a zygote. It now Salf 
tains its full quota of chromosomes, m 
from the egg, half from the sperm. The 
materials from two lines of descent ea 
thus been blended, and the mechanism 0} 
heredity is set in motion. The cell divides 
again and again, as the growth of the organ- 
ism continues. 

Fertilization in humans generally ‘a 
Sults in the development of a single individ- 
ual. However, there may be two or more 
offspring at a single birth. /dentical twins 
arise from the same egg. They are always 0 
the same sex. Twins may also arise bse 
two separate ova that have been liberate 
and fertilized within a relatively short po 
iod of time. Such twins, known as fraterna 


twins, meey be of different sexes. Usually 
they do resemble one another any more 
closely ordinary brothers and sisters. 


The ne general principles apply to 


the forn n of triplets, quadruplets, and 
quintup: Mixtures of single-egg and 
multiple <2 offspring may occur. 
EARLY 3ES OF DEVELOPMENT 

Du the earlier stages, the develop- 
ing egg : product of fertilization — bears 
no rese nce at all to the baby that is to 
be. It i nere blob of microscopic cells, 
each w nucleus that is capable of divid- 
ing and ding again until ultimate growth 
is react The baby is the result of heredi- 
tary pri ties of the mother’s and father’s 
sex ce Fhe only valid prenatal influ- 
ences those of the environment in 
which unborn child develops. For 
example | will be influenced by certain 
disease ıt may attack the mother. It 
will al e badly affected by excessive 
amoun alcohol the mother might drink. 


Al the embryo consists of a little 


ball of s, called a morula. This soon 
develop- in outer and inner layer. The inte- 
rior of i © ball fills with fluid. Numerous 
fingerlik “sprouts” form on the exterior, 
which bev ins to look quite fuzzy. The outer 
covering of the tiny ball is called the 
chorion. The fingerlike sprouts that form 
on it are known as villi. Meanwhile the 


embryo has arrived in the uterus. 


THE UTERUS AS HOME FOR THE 
EMBRYO 


In the meantime the mucous mem- 
brane of the uterus has undergone certain 
vital changes in preparation for the possible 
arrival of a fertilized egg. Under the action 
of the hormone called progesterone, the 
mucous membrane has come to form a soft 
tissue, which is abundantly supplied with 
blood vessels. This newly formed tissue Is 
known as the decidua. The embryo embeds 
Itself in the decidua in the process of im- 
plantation. 

The ovum makes its way to the uterus 
from the Fallopian tube whether or not it 
has been fertilized. If fertilization has not 
taken place, the ovum degenerates. The 


inner lining of the uterus, which had been 
prepared for the embryo, is shed, together 
with a certain amount of blood, in the pro- 
cess of menstruation. The menstrual cycle 
lasts about twenty-eight days. y 

Ovulation — that is, the discharge of an 
ovum from a mature Graafian follicle— 
occurs about midway between two men- 
strual periods. The menstrual cycle is re- 
peated as long as a female is capable of 
bearing young, except during pregnancy, 
and also for a certain length of time after 
pregnancy. 

Suppose now that the embryo has be- 
come embedded in the mucous membrane 
of the uterus. Its inner cells come to form 
the walls of two sacs, or baglike structures, 
called the amnion and the yolk sac. A group 
of cells known as the embryonic shield de- 
velops at the place where the amnion 
comes in contact with the yolk sac. The 
body of the embryo will be formed from 
this shield. As time goes on the cavity of 
the amnion becomes larger and larger, 
while the yolk sac shrinks and ultimately 
disappears. At last the amnion complete- 
ly surrounds the embryo. The amnion has 
come to be filled with liquid. 

When the embryo first becomes im- 
planted in the uterus, the villi on the em- 
bryo’s outer surface are surrounded by the 
lining of the uterus. The area where the villi 
project into the membranes of the uterus is 
called the placenta. This grows until it 
covers almost a third of the uterine lining. 

The fetus develops in the amniotic 
cavity. It is connected to the placenta by 
means of the umbilical cord. Two umbilical 
arteries passing through the cord carry 
blood from the fetus to the placenta. An 
umbilical vein returns blood from the pla- 
centa to the fetus. 

The circulation of the mother and of 
the fetus come into close contact in the pla- 
centa. Yet the blood in the mother’s circu- 
lation system does not mix with that in the 
vessels of the fetus. Oxygen and food ele- 
ments contained in the capillaries of the 
mother pass to the capillaries of the fetus. 
Carbon dioxide and other wastes pass from 
the capillaries of the fetus to those of the 


mother. 
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EMBRYONIC LAYERS 


In the meantime, the embryo has been 
developing steadily from the embryonic 
shield. Its cells soon form two layers—an 
outer one, called the ectoderm, and an inner 
one—the endoderm. A third layer, known 
as the mesoderm, soon develops between 
these two. All the Structures of the body 
arise from these three layers. 


the eye, the pituitary body, the glands of the 
mouth, and the enamel of the teeth. From 
the mesoderm are developed the skeleton 
and the muscles, the heart and the blood 
and lymph vessels, the kidneys and ureters, 
the urinary bladder (but not including its 
lining), and the gonads and their ducts, The 


For the first eight weeks or so of its 
growth, the unborn young is called the em- 
bryo. After this period of time it is known 
as the fetus, 


Nucleus 


Yolk 
in cytoplasm 
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FORMATION OF THE BOD 


Let us now see how 
of the unborn human yx 
shall take up the differe; 
body in turn, bearing in m 
be developing at much the 

The heart and blood 
early stages nutrition and 
quite effectively by diffu 
cells of the embryo and 
brane of the uterus. As 5 
however, this System beco 
Specialized blood vesse! 
transport nutrition and v 
with the heart and blo: 
make up the extensive 
system. Without it, develo 
proceed beyond the earl y 

We can trace the be; 
heart in the future neck re 
bryo. At first the structur: 
velop into the heart is in t 
tiny cavities lying side by s 
axis of the embryo. Similar 
in other Places, They grow | 
out branches, which join wi 
es. In this way the larger art 


SYSTEMS 


he various parts 


develop. We 
ystems of the 
‘hat they may 
e time. 
‘sels. In the 
stes can pass 
between the 
iucous mem- 
th advances, 
inadequate, 
e formed to 
5. Together 
iese vessels 
rdiovascular 
ent could not 
S. 
ings of the 
of the em- 
hat will de- 
form of two 
in the long 
ties develop 
ger and send 


| other branch- 


>s and veins 


develop 
the prin 
elongate 
into fou 
tricles 
Valves 
cles. La 

In 
blood i 
er cells 
becom 
vessels 
cells «c 
blood « 
networ: 
and th 
blood 

A 
their « 
conne! 
monar 
operat: 
baby 
begin 

I 
to circy 
and ca 
circulat 


‘ese channels soon unite with 
e heart, whose cavities enlarge, 
se, twist, and later subdivide 
ambers —the left and right ven- 
the left and right auricles. 
e at the entrances to the ventri- 
the heart descends to the chest. 
© meantime groups of cells called 
«ds have begun to form. The out- 
these blood islands flatten and 
capillaries —the smallest blood 
1e circulatory system. The inner 
op into the different types of 
The capillaries come to form a 
vhich is connected to the arteries 
cins. Fluid—the plasma of the 
‘hers around the blood cells. 
> lungs are formed, they develop 
blood vessels, which are also 
to the heart. This lesser, or pul- 
rculation, as it is called, does not 
fully until after birth, when the 
ws its first breath and the lungs 
nction. 
before this happens, blood begins 
te through the arteries and veins 
liaries of the greater, or systemic, 
n, which passes through the rest 


of the body. Circulation is brought about by 
rhythmic contractions of the heart. The 
heart keeps pumping blood. The arteries 
distribute the blood to the capillaries in 
different parts of the body. The capillaries 
deliver materials contained in the blood to 
the cells and collect waste materials from 
them. The veins return the waste-laden 
blood to the heart. 

It does not suffice for blood to pass 
from the human embryo’s heart to its tis- 
sues and back again. Some blood must 
make its way to the placenta to get food 
materials and oxygen and to be relieved of 
waste products. We remarked that blood is 
transported to the placenta through the um- 
bilical arteries and from the placenta 
through the umbilical vein. It is returned to 
the heart through the liver. 

The nervous system.At the same time 
that the cardiovascular system is develop- 
ing, the embryo’s nervous system is being 
formed. First, parallel ridges arise along 
the body, flanking a central groove. The 
ridges form conspicuous bulges at the head 
end. In time they fuse along the midline, 
forming the neural tube. The larger end 
of the neural tube develops into the brain. 


Early development, continued. Left: a group of cells—the embryonic shield — has 
developed at the place where the amnion comes in contact with the yolk sac 
The body of the embryo will be formed from this shield. Right: external appear- 
ance of the fertilized egg. The outer covering is called the chorion. It is covered 


with sprouts called villi. 


Ectoderm 
Mesoderm 
Endoderm 


Amnion 


> Embryonic 


shield 


Chorion 


Yolk sac 


Chorionic villi 
Mesoderm 
Trophectoderm 
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Maternal 
artery 


Maternal 
vein 


Embryonic 
capillaries 


Embryonic 
vein 


Embryonic 
artery 


How materials are exchanged between the blood of 
the mother and that of the embryo. The arrows indi- 


teries enter the embryonic Capillaries and make 
their way to the embryonic arteries. Waste materials 
are discharged from the embryo's veins and, after 


The rest develops into the spinal cord. The 
Openings at the ends of the neural tube 
ultimately close. 

The central nervous System develops 
from this primitive neural tube. Growth is 
most rapid of all in the brain, There are real- 
ly two brains: a large brain, the cerebrum. 
and a small one—the cerebellum. In both 
there is ultimately an outer Covering of gray 
matter, called the cortex, and an inner 
mass, consisting of white matter. In the 
midline is the brainstem. This structure 
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connects the brain with th: 
The cavity of the new: 
to grow larger, though nc 


inal cord. 
ibe continues 
the same rate 


as the tissues that surrot As the brain 
develops, the cavity wit! forms spaces 
filled with fluid. In the s column, the 
cavity of the neural tube es up the in- 
conspicuous central cana! 

In the course of the d pment of the 
neural tube, two lines of © appear be- 
tween the tube and the ov: ig Skin. They 
become segmented and fe paired series 
of dorsal root ganglia—1 | stations of 
the sensory nerves leadin; nd from the 
brain and spinal column. 

The skeletal and m ar systems, 
Underneath the impressi nass of the 
central nervous system, i of cells— 
the notochord—has grow rward from 
the tail end of the embry: forms a cen- 
tral axis, around which ti srtebral col- 
umn develops. The notoc! extends for- 
ward into the base of the l. In time it 
disappears almost entirely owever, the 
central part of each disk between the 
vertebrae, is retained. 4 

Hardly has the notoc d made its 
appearance when strips of oderm form 
alongside it. These soon become a series of 


paired blocks. The first to appear are in the 
lower part of the head. They are then added 
in pairs farther down the notochord, until in 
the fourth week their number reaches forty. 
They are called mesodermal somites and 
are found in all vertebrates. Parts of meso- 
dermal somites will give rise to the verte- 
brae. Other parts of the somites will de- 
velop into muscles, supplied with nerves at 
an early stage. Later, when the muscles 
shift their positions to more distant parts of 
the body, they retain their original nerve 
connections. This is also true of various 
organs. Thus the heart and stomach, which 
develop in the lower region of the head, are 
supplied by nerves arising in that region. 
The digestive system. The primitive 
digestive system originates at a very early 
Stage in the development of the embryo: 
Its lining layer of endoderm is continuous 
with that of the yolk sac. From the cavity 
of the yolk sac a pouch called the foregut 
continues forward over the primitive heart 


and unde the head region. Behind, ex- tures. From the foregut arise the mouth, 
tending t'o the tail region is a similar pharynx, stomach, and much of the small 


pouch—i¢ hindgut. An intermediary intestine, including numerous small glands. 
region, known as the midgut (really part of A lung bud forms on the foregut. It branch- 
the yolk .»c) connects the two guts. es repeatedly and gives rise to the bronchial 
At © ot the foregut is separated from system and the lungs. The hindgut makes 
the primitive mouth, or stomodaeum, by a up part of the small intestine as well as the 
membrar~. Another membrane separates large intestine and the embryonig structure 
the hinds! from the primitive anus. In _ thatis called the cloaca. 
normal velopment, both these mem- The body wall, coelom, and mesentery. 


branes u\) mately disappear. The primitive When the body wall develops, we can rec- 
digestive system then forms a continuous ognize the parts that are to become the 
tube from south to anus. thorax (chest), the abdomen, and the pelvis. 

The ‘oregut, which at first looks like The body wall is made up of supporting 
the finge: of a tiny glove, grows rapidly and connective tissue, with special sheets of 
becomes . ifferentiated into various struc- muscle to serve for movement. Tissue 


Two sta: in human embryonic development. Left: the embryo at age one 
month, | horion is still visible. Right: fully formed fetus at the age of nine 
months fetus is in position for delivery. 


Placenta 


Umbilical 
cord 


Fetus 
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First 3000 
month 


Weight (grams) 


2000 


Second 
month 
1000 


Length (centimeters) 


4 5 
Months 


Development 
of the Human Embryo 


The diagrams on these two Pages show 
the development month by month. Note 
the graphs for length and weight aver- 
ages. These show wide variations. At six 
months, a fetus delivered Prematurely 
might survive under optimum conditions. 
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Seventh 
month 


called mesenchyme forms in parallel lines 
at right .czles to the axis of the body. 
These parə!lel structures change into car- 
tilage, an later mainly into bone. They 
are then : cognizable as the ribs. The upper 
members ©! these elements are joined in 
front by ‘wo parallel bars of cartilage. 
These fus+ to form the sternum, or breast- 
bone. 

As the body becomes walled in, the 
future © and abdomen forma single hol- 
low space called the coelom. It is separated 
lengthwise into two parts by a primitive 
membrans. called the mesentery. Soon a 
septum wall, which becomes the dia- 
phragm, sparates the chest from the abdo- 
men, In ont of the heart and intestine, the 
mesent«y disappears. The rest of the mes- 
entery in this part of the body undergoes 
great cha ges. The hind part of the mesen- 
tery len! vens as the intestine to which it is 
attached »ecomes longer. Part of the poste- 
rior (hind mesentery lies against and is at- 


tached to the posterior abdominal wall. 

The urogenital system. The urogenital 
system includes the organs having to do 
with the production or removal of urine and 


with reproduction. In the early stages of 
the human embryo, there is a primitive 
kidney, the pronephros, which gives way 
to a more advanced kind of kidney —the 
mesonephros. The mesonephros contri- 
butes important parts of the male reproduc- 
tive system. Later the permanent kidney, 
the metanephros, is formed. This organ 
removes waste materials from the blood. 
In the unborn young these materials first 
pass through ducts, called ureters, into the 
cloaca. Later the front part of the cloaca 
becomes the bladder. This discharges urine 
from the urethra. 

The sex glands, or gonads, are alike in 
the early male and female embryo. Soon 
however, they become differentiated and 
can be distinguished as the ovaries and the 
testes. The testes are at first contained 
within the body. Later they descend into 
the scrotum. Occasionally they fail to make 
their way to the scrotum, but remain within 
the body. 

In some cases, however, the male and 
female characters are more or less blended. 
Individuals in whom this happens are called 
hermaphrodites. 
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The arms and legs. In the lower neck 
region of the embryo, paired limb buds ap- 
pear. They will become the arms. In time 
the tips show five ridges, representing the 
future fingers. Cartilage is formed in the 
central axis of each arm. Later this cartilage 
is transformed into bone. Joints appear at 
the end regions of the bones. Muscles de- 
veloping around these parts become at- 
tached to the bones and bring about helpful 
movements. Blood vessels and nerves de- 
velop together with these structures. Far 
back in the trunk, paired buds, representing 
the legs-to-be, appear. They develop in 
much the same way as the arms. 

In the limbs and throughout the body 
and head parts, a system of lymphatic ves- 
sels forms in the embryo. This will repre- 
Sent a tributary system for the veins, col- 
lecting fluids from various areas. 

The head. Besides the skull and brain, 
the head includes the mouth, nose, eyes, 
ears, and tongue. The skull is formed at 
first of soft connective tissue or membrane. 
Much of this is transformed later into car- 
tilage. The cartilage never occurs over the 
roof of the brain, but only on the floor and 
sides. Eventually it develops into many of 
the bones of the skull. 

Early in the third month of pregnancy, 


Ductus arteriosus 


Heart 


The circulation system be- 
fore birth. Oxygenated blood 
from the placenta mixes with 
blood from various organs 
and flows to the right aur- 
icle. Some of the blood pas- 
ses through the foramen 
ovale into the left half of the 
heart, and from there to the 
aorta. Some of it enters the 
right ventricle and passes 
through the ductus arterio- 
sus on its way to the aorta. 
Practically no blood passes 
through the lungs at this 
time. 


Foramen 
ovale 
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though the skull is only ai 
the tip of one’s finger, it alı 
rudimentary condition the 
that form it. However, es 
brain is not completely er 
In some areas, called fori 
ered only by membrane 

these areas is on the top o! 
The fontanelles are gradi 
with bone. 

In the early embryo 
nose regions are merged 
daeum. Shelves grow fron 
mally they meet after a ti 
palate, which shuts off the 
nose. If the process shou! 
the serious defect callec 
This is often combined wit 
called harelip, in which | 
divided. 

The lower jaw is immo 
open in the early stages. | 
sented by an arch of carti) 
mandible is formed by pair: 
sides of the cartilage. The h 
der the tongue, and the lary 
also developed. 

At birth there is still m 
the skull as well as in othe 
skeleton. Some of it persists t 


t as large as 
y shows ina 
erent bones 
it birth, the 
ed by bone, 


s, it is cov- 
largest of 
aby’s head. 
closed up 


mouth and 
the stomo- 
sides. Nor- 
o form the 
th from the 
l, we have 
/t palate. 
© condition 
pper lip is 


e and wide 
first repre- 
Later the 


‘ones at the 


bone, un- 
keleton are 


cartilage in 
urts of the 
ughout life 


nary artery 


Lungs 
(non- 
functional) 


in places where its properties make it an 
ideal struc’) sal material. It is found in the 
joints, the | rynx, the nose, the juncture of 
the ribs anc ihe breastbone, and in various 
other pai f the body. 

In tho early stages the head is bent 
forward hat it almost meets the future 
chest, ar the neck is practically nonexis- 
tent. In course of time the neck de- 
velops an: the head is raised somewhat. It 
is still bo forward, however, even up to 
the time irth. The entire fetus is packed 
into the llest space possible, curled up 
so that it +: almost egg-shaped. This form is 
retained lor some time after birth as the 
baby is Geld 

In their earliest form the human eyes 
occur as ‘two dimples on either side of the 
brain. | dimple changes into a spoon- 
like str ‘ure, which becomes the optic 
cup. The inner membrane of the cup devel- 
ops into a specialized layer of cells called 
rods and ¿ones and into neurons, or nerve 


cells, connected with them. The nerve cells 
establish connections with the optical 
centers in 


the brain by means of the op- 


the baby is born, therefore, it 
has a mechanism that can be stimulated by 
light and that can transmit the stimuli to 


Ductus arteriosus 


(clos 
Heart 


The circulation system after 
birth. Several vital changes 
take place. The placenta is 
gone. The foramen ovale 
and the ductus arteriosus 
have been closed off. Ve- 
Nous blood now passes into 
the right auricle, and from 
there into the right ventricle. 
From there it flows in the 
Pulmonary artery to the 
lungs, where it is oxygenat- 
ed. The oxygenated blood 
then passes through the left 
auricle and left ventricle and 
enters the aorta. 


Foramen 
ovale 
closed 


the brain. The outer membrane of the optic 
cup forms a layer of densely pigmented 
cells, which keep out all light other than 
that coming in through the pupil. Generally 
the development of all these eye parts is 
almost perfect. Occasionally, however, 
defects occur, and these may be of a serious 
nature. 

The ears develop quite differently. 
They are related to the branchial arch re- 
gion. While the embryo is still very small, a 
minute pit develops above the first branchi- 
al cleft. The pit becomes deeper, and is 
closed off in time to form a hollow ball. It 
soon becomes irregular as it grows. It is 
transformed into a set of three arched 
tubes—the semicircular canals—and a 
small seashell-like structure, the cochlea. 
The end organ of hearing—the organ of 
Corti—develops in the interior of the co- 
chlea, Meanwhile the middle and the exter- 
nal ear are being formed. The outer part of 
the external ear develops a supporting 
shell-like cartilage, which enables it to re- 
tain its shape. In the depths of the canal that 
leads from the opening of the external ear, 
a thin membrane — the eardrum —is formed. 
It closes up the canal. The eardrum vibrates 
when it is struck by sound waves. Three 
bones called ossicles arise in the middle 


Pulmonary artery 


Pulmonary 
vein 


HUMAN EMBRYOLOGY 


327 


328 


ear. They transfer to the inner ear the vibra- 
tions set up in the eardrum. 

An arch-shaped structure develops on 
each jaw, and it divides into ten tooth buds, 
which will form the milk, or primary, teeth. 
Thus there are twenty buds in all. Each bud 
forms an enamel organ, which is a minute 
ball of cells, almost hollow and bent in 
above or below. Other cells develop within 
the ball and form dentine. The enamel or- 
gan and the dentine work together. They 
secrete fibers that become impregnated 
with hard deposits rich in calcium. The soft 
inner core of the teeth develops blood ves- 
sels and nerves. The milk teeth are not visi- 
ble until they have erupted in the mouth. 
The first is generally cut some months after 
birth. These primary teeth are shed during 
childhood and are replaced by the thirty- 
two regular teeth. 

The skin and its derivatives. The skin 
proper, in the embryo, is continuous with 
the amnion, which is cast off at birth. An 
outer layer of cells, the epidermis, develops. 
Underneath it there arises another layer, 
the dermis, which contains nerves, blood 
vessels, and sweat glands. In the embryo 
there is also a special layer of cells, called 
the periderm, on the outside of the epider- 
mis. The periderm is shed at birth. Most of 
it is washed off with the baby’s first thor- 
ough bath. 

The hair and nails develop as special 
formations of the skin, as do the sweat and 
oil glands and the mammary glands of the 
female’s breast. Certain other parts of the 
body are formed Primarily from the skin, 
and can be called skin derivatives. They 
include the lens of the eye, the cornea, the 
eyelids, and the internal ear. 


CONTROL OF GROWTH AND 
DIFFERENTIATION 


_ The myriads of cells engaged in form- 
ing a baby behave in an amazingly orderly 
manner. From a simple cell—the fertilized 
ovum—highly specialized cells occur in 
proper sequence. There are the gland cells 
of the stomach, the bone cells, the thin sur- 
face cells of the skin, and nerve cells. There 
is nothing more extraordinary in nature 
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than this systematic deve! ient. 
Why do two buds fer =e future arms 
and legs make their appe ce at the right 


time and place, with ths arious simple 
elements properly arrang Why do they 
grow so perfectly in ev part—elbow, 
hip, knee, and ankle? Hi o the various 
muscles develop? How they attach 


themselves to the right r: 
bones? How do the musc! 


s of the right 
-quire nerves 


to move them and to regi their state in 
the central nervous syste: We could ask 
thousands of questions su these. 

The why and where: of the em- 
bryo’s development is sti!) “.rgely a mys- 
tery. However, the scie of heredity 
gives some help in under ding the pro- 
cesses involved. We assur 1 the basis of 
our knowledge of heredit jat the ferti- 
lized ovum is packed wit ndencies de- 
rived from all past generi: ons and that 
development is simply the ~ rking out of 
these tendencies. We asst also that he- 
reditary forces continue | t after birth 


throughout the life of the inc vidual. 
In the early stages evelopment 


there is a rapid sorting out ‘ the different 
kinds of cells. Quickly, fo: example, the 
cells that are destined to ma! = up the cho- 
rion are mustered out. From them are sepa- 
rated the cells that will form the villi and 


other parts. Once a cell is started on some 
Special path, it tends to go on in that direc- 
tion. Its destiny is established for the most 
part. 

The cells that will give rise to special- 
ized tissues bear the suffix blast (from the 
Greek blastos: “bud”). There are neuro 
blasts, which will give rise to the gifter 
types of nerve cells; hemoblasts, which wil 
develop into blood cells; and many other 
kinds of “blasts.” We might compare the 
cells in the early stages of the embryo G 
young people of a community, some des 
tined to become engineers, others chemists, 
and still others doctors or lawyers. 

In many tissues differentiation goes 0" 
throughout the life of the individual in order 
to make good the losses of cells. For in- 
stance, the cells making up the surface lay- 
er of the skin are worn off in daily use er 
must constantly be replaced. The same ! 


true of ce n other parts of the body, such 
as the i! inal tract and the blood. This 
means such areas must be provided 
with nests of blast cells, capable of regener- 
ating th that tissue. In the deepest lay- 
ers of t pidermis there are the chorio- 
blasts Vialpighian cells, that can give 
rise to | ells making up the surface of the 
skin. Ly bone marrow there is a great 
mass O -moblast cells that can differen- 
tiate into still more specialized types of 
blast c The latter will give rise to the 
red blood cells and the different kinds of 
white blood cells. 

I case of some tissues, such as 
those e nervous system, there are no 
reserve Dl st cells: once a cell is destroyed, 
it cannot be replaced. The brain, for exam- 
ple, m vet along throughout life with the 
cell quota it has at birth or shortly there- 
after. That is why polio is so serious. The 
cells that are destroyed because of its rav- 
ages ot be replaced. Other groups of 
cells | be able to take over their func- 
tions, | unless this can be done, the loss is 
irrep le. 

In the orderly development of the dif- 
ferent parts of the body, often distant from 


one another, the hormones, which serve as 
chemical messengers, play a very important 
part. So does the nervous system. Doubt- 
», muscular movements have amore 
gene effect than we realize. In fact, 
everything taking place in the developing 
embryo or fetus probably reacts in some 
way with the organism as a whole. 


BIRTH 


What we call birth—the emergence of 
the fetus from the body of the mother ~is 
obviously not a beginning. It is, rather, the 
climax of a long sequence of events. Gener- 
ally it occurs after the pregnancy has lasted 
from nine to nine and a half months. 

_ The mother’s body has made its prepa- 
rations for the coming event. The uterus 
has developed strong muscle fibers. The 
fetus will be expelled from the uterus as the 
result of strong muscular contractions. The 
outlets of uterus and vagina have become 
softened and capable of great expansion. 

As the time of birth approaches, the 


caretully checked and identified 
lod on their birth certificate 


Newborns are 
Their footprint is record 


mother-to-be has labor pains, which are 
caused by contractions of the uterus, These 
contractions begin to force the fetus out 
They become more vigorous 

become more severe as time goes on. 

The intensity of any pain associated 
with childbirth varies from mother to moth 
er. The severity of labor pains can be linked 
with many factors, among them the moth 
Jical history, her emotional 
and the position of 


and the pains 


er's previous mec 
state, her physical state, 
the fetus within the uterus 

Anesthesia is sometimes used to dull 
labor pains, Many doctors and prospective 
mother prefer “natural childbirth.” Natural 
childbirth, or childbirth without anesthesia, 
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The late Dr. Virginia Apgar, shown here with a new- 
born, devised a scale— known as the Apgar scale— 


requires that the mother physically train for 
the birth of her young. Toning of important 
muscles, rhythmic breathing, and mental 
preparedness are important aspects, 

In the last Stages of labor, the mother 
aids in forcing out the fetus by voluntarily 
contracting the abdominal muscles. The 
amnion, the closed liquid-filled sac sur- 
rounding the embryo, generally ruptures 
before birth. 

Usually the baby comes from the 
mother’s body head first. Sometimes it 
emerges feet first. This is called breech pre- 
sentation. It may be necessary to take the 
baby out by Cutting through both the ab- 
dominal wall and the uterus. This is known 

as a Caesarian section or Operation. 
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When the baby is it is still at- 
tached to the placenta by ns of the um- 
bilical cord. It draws nou tent and oxy- 
gen from the placenta an vels its wastes 
into it. The obstetriciar up the cord 
close to the baby’s body tape. Then he 
cuts the cord on the m 5 side of the 
tape. About twenty mint fter the cord 
has been cut, the afferhi) ide up of the 
placenta and embryoni mbranes, is 
passed from the mother’s es 

When the placenta! lation is cut 
off by the tying of the co ere is an in- 
crease of the waste-produ bon dioxide 
in the blood. This stimula: enter in the 
medulla oblongata, a part ie brain, and 
the baby usually begins to ithe as a re- 
sult. If respiration does r gin, the at- 
tending physician must g d. He may 
stimulate the skin by slap he buttocks 


or in other ways. He may nister artifi- 
cial respiration or even i luce oxygen 
into the air tract by means « ube. 


THE NEWBORN 


When a baby is born ıs the same 
bodily -parts as the adul they are 
smaller and differently pro; tioned. The 
head is relatively large, the s relatively 
small. The nose is tiny, but ii serves well. 

A newborn baby is covered with blood 
and with a slippery, waxy substance called 
vernix caseosa. This substance keeps the 
fetus from absorbing the liquid in which it is 


immersed. Of course it no longer ee 
once the infant has been born, ~ it 
removed when the newborn is bathed. 


THE MOTHER AFTER BIRTH 


After the afterbirth has been eject 
from the uterus, the so-called Lae 
period begins. It is during this period, ee 
lasts from about six to ten weeks, that Ks 
uterus and the other structures involved : 
birth are restored to a normal condition. 
The uterus shrinks to almost its ore 
size as the now useless tissue is absar i 
While this is taking place, there is dis 
charge, consisting mostly of blood sce 
debris, from the vagina. Gradually pee 
discharge slackens and finally it ceases è 
tirely. The puerperal period is over. 
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by Theodosius Dobzhansky 


An arently unimportant event took 
hree thousand years ago on the 


place so: 

slopes «í e Sierra Nevada Mountains in 
Califor \ tiny seed of a tree called the 
giant s€ a, Sequoia gigantea, fell to the 
ground found conditions favorable for 
growth years and centuries passed, the 
tree th eveloped from the small seed 
grew | r and larger. Today it is more 
than 60 © oters high and more than six me- 
ters in d'ameter. 

A nan lifetime is a mere episode 
compa! o the lifetime of a sequoia tree. 
Yet n ind the sequoia have more in 
commo: ihan we might think. The seed of 
the seq ia was a product of fertilization. 
The hur in body, too, begins its existence 
with th. act of fertilization, when a micro- 
scopic » ‘ale cell unites with a barely visible 
female -xg cell. In the course of time, as we 
have .. the seed of the sequoia grows to 
be a huse tree. The fertilized human egg 
devel in the mother’s uterus into an 
embryo The embryo becomes a fetus, and 
about nine months after fertilization, a baby 
is born. in due course the baby becomes an 
adult, increasing its body weight about 
twentyfold. 


RAW MATERIALS 


In order for a seed or a fertilized egg t 
become a sequoia tree or a man, much ma- 
terial has to be taken from the outside 
world and incorporated in the living body. 
In the case of sequoia, this material con- 
sists of water and mineral salts, taken up by 
the roots from the soil, and carbon dioxide, 
coming in through the leaves from the air. 
The materials from which the human body 
is constructed are to be found, of course, In 
the foods that we eat—foods derived from 
the fields, gardens, and meadows and even 
from the depths of the sea. 

Before such foods can become a part 
of a living body, they must undergo a CODY: 
plete chemical change. Moreover —an ms 
point is vitally important —each organism 


builds itself up from these transformed sub- 
stances in a particular way. As a result, the 
mature product of the building process re- 
sembles, in composition as well as in struc- 
ture, the bodies of the parents and other 
ancestors of the organism. 


HEREDITY AND THE ENVIRONMENT 


The process of transformation of food 
materials by a living body into a likeness of 
itself and of its ancestors is called heredity. 
An organism may reproduce rapidly (as 
bacteria often do) or slowly (as in the case 
of human beings and the higher animals and 
plants). In either case, the urge to multiply 
according to a definite hereditary pattern 
exercises an unrelenting pressure upon the 
environment in which the organism lives. 
This pressure of heredity reveals itself in 
the gnarled and twisted trees growing out of 


Humans and sequoias have more in common than 
you might think. The woman and the sequoia at 
which she is looking each began as a tiny fertilized 


egg and grew into adulthood in accordance with a 
definite hereditary pattern. 
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small fissures in apparently solid rock on 
lofty mountain tops, in the riot of vegeta- 
tion in a tropical jungle, in the teeming life 
in a drop of water from a stagnant swamp, 
as seen under the microscope. Various fac- 
tors, however, tend to oppose the pressure 
of heredity. Only certain substances can be 
used by organisms as food. Others are use- 
less or even poisonous. Only certain locali- 
ties, offering favorable conditions, can serve 
as dwelling places. Even when the environ- 
ment is favorable, multiplication is checked 
by the exhaustion of the food supply, space 
limitation, and competition with natural 
enemies, parasites, and the agents of dis- 
ease. Living beings are continually exposed 
to countless dangers that make survival a 
lucky accident and premature death the 
rule. 

The agelong conflict between the pres- 

sure of heredity and the deterring factors 
present in the environment has resulted 
in the grand process of organic evolution. 
Instead of a single kind of organism, instead 
of a single heredity able to use only some 
few substances as food to be transformed 
into living bodies, we find in the world 
about us an immense diversity of organisms 
and heredities. 
___ In the following pages we shall exam- 
ine the hereditary process particularly as it 
applies to human beings. We shall also con- 
sider some of the more important conse- 
quences of this vital process. 


FERTILIZATION 


_ _ It is remarkable that the heredity that 
is able to organize inert materials into the 
living bodies of human beings is transmitted 
from Parents to offspring through exceed- 
ingly minute quantities of living substance. 
Only some parts of the female sex cell— the 
egg—and the male sex cell—the spermato- 
zoon—are directly concerned in the trans- 
mission of heredity. Examined under a mi- 
croscope, an egg cell consists mainly of 
cytoplasm, in which are stored certain food 
materials to be used by the developing 
embryo. A little blob of a slightly more 
translucent material—the nucleus — floats 
in the cytoplasm. The spermatozoon, or 
male cell, which is to fertilize the egg cell 
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consists of a head, which contains a nucle- 


us, and a contractile tail—ove that makes 
the spermatozoon capable of movement. 
Rapid strokes of the ‘ai! propel the 


spermatozoon head forwai thus en- 


able it to reach the egg cell 


zoon then enters the egg, and ‘he nuclei of 
both cells fuse together. This «uclear fusion 
is the act of fertilization p A new indi- 
vidual has now arisen. The fertilized egg 
and its nucleus divide into two cells, each 
with a nucleus. The two celis divide into 
four; the four, into eight. | itually, the 
thousands of millions of c and nuclei 
that compose the human body come into 
being. 
CHROMOSOMES 

When strongly magnified under a mi- 
croscope, the cell nucleus reveals some in- 
teresting structures. A certain number of 
minute bodies, called chromosomes, can be 
seen inside the nucleus, particularly when 
the nucleus is in process of division, Most 
human cells contain forty-six chromo- 


somes —twenty-three pairs. 
however, have only half that 
is, twenty-three. When fertiliz: 
place, the twenty-three maternal chromo- 
somes contained in the egg cell, plus the 
twenty-three paternal ones brought by the 
Spermatozoon, combine and form the nor- 
mal complement of forty-six chromosomes 
in the fertilized egg. r 
These chromosomes are not all alike. 
Some of them are larger than others. Some 
are rod-shaped, other hook-shaped, still 
others V-shaped. After examining many 
nuclei and chromosomes, one learns to rec- 
ognize a chromosome by its shape, just aS 
one recognizes the letters of the alphabet or 
the faces of one’s acquaintances. The twen- 
ty-three maternal chromosomes are all dif- 
ferent. The same is true of the twenty-three 
paternal chromosomes. But, with a single 
exception, which we shall discuss later, 
every maternal chromosome is matched by 
a similarly shaped one in the paternal set. 
In the formation of most of the body 
cells, a cell division called mitosis takes 
place. In this process a cell gives rise to tw? 
cells, identical with the original one. A dif- 


ferent ty; of division, called meiosis, takes chromosomes —one from each of the twen- 


place in production of sex cells in the ty-three tetrads that were formed when the 
sex glar the ovaries, in the female; the matched chromosomes divided. 

testes, iv > male. First, the matching ma- In all his body cells except his sex 
ternal ar ‘ternal chromosomes in a forty- cells, your father has forty-six chromo- 
six-chro ome cell of the sex gland are somes. He inherited twenty-three from his 
attracte each other. They approach in father and twenty-three from his mother, 
the nuc and become intimately paired. Your mother’s cells also have for ty-six 
Then th: unravel, but still lie side by side, chromosomes —twenty-three of them from 
so that t+ aucleus now shows twenty-three her father and twenty-three from her 
chromo: ne pairs. Some of these pairs mother. How many chromosomes have you 


have ex nged sections—a phenomenon inherited from each of your grandparents? 
Have you and your brothers and sisters 


called c ing over. 
Ea. chromosome splits lengthwise, inherited the same chromosomes? 
so that stead of twenty-three pairs, we Let us indicate the chromosomes that 


have tw -: ty-three tetrads. A pair is made your father derived from his father (your 


up of t- units; a tetrad, of four units. No paternal grandfather) by letters with primes 
further ision of the chromosomes takes (A', B’, C’, and so on), and the chromo- 
place. <t, the cell divides, forming two somes he derived from his mother by letters 
new ct and then these two also divide. with double primes (A", B”, C”, and so on). 
The ori val cell, therefore, has given rise Your father's chromosomes would be rep- 
to four v cells, each having twenty-three resented by this combination: 

Chrom es of a normal human female. Left: chromosomes as they actually 

appear cell. Right: chromosomes as they are paired and placed on a gene 

map. C iosomes carry genes, the hereditary material. 
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A'B'C'D’E’F'G'H'T'J'K’L'M'N' 
O’P’Q’R’S’T’U'V’Y* 


A"B"C"D"E"F"G"H"TJ"K"L"M”N" 
O"P'Q"R"S"T"U"V"X* 


Only one member of each matching 
pair — A'A", B'B", C'C", and so on— would 
get into the sex cells of your father; the dis- 
tribution would be at random. For the sake 
of simplicity let us consider only three 
types of chromosomes — A, B, and C. In the 
sex cells formed by meiosis, there would be 
eight possible combinations of A, B, and C 
chromosomes, as follows: 


A'B'C' 
A'B'C" 
A'B'C” 
A"B'C" 
A'B'C! 
A'B'C” 
A"B'C’ 
A'B'C! 


In other words, the three grandpater- 
nal chromosomes, A’, B’, and C’, may all 
get into your father’s sex cells, or one or 
two of them may get into these cells, to- 
gether with one or two grandmaternal chro- 
mosomes, or else they may not get into the 
sex cells at all. In the case of three chromo- 
some pairs, there would be 23, or eight, dif- 
ferent combinations. 

Since man has, not three, but twenty- 
three chromosome pairs, the paternal grand- 
parental chromosomes can be distrib- 
uted in the sex cells of your father in 223, or 
8,388,608 different ways. The probability, 
then, that you have inherited a full set of 
chromosomes (twenty-three in all) from 
your paternal grandfather is exceedingly 
slight—only 1 in 8,388,608. 

Actually your chances of inheriting a 
complete set of chromosomes intact from a 
grandparent would be even less than that. 
We saw that in the process of meiosis some 
of the paired chromosomes exchange sec- 
tions. The resulting chromosomes are no 
longer identical with the original ones. Sup- 
pose that chromosome A’, received from 
your grandfather by your father, had ex- 
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changed sections in this way 
tion of your father’s sex cells 
mosome A’ were to get int 
cells, it would no longer be t} 
A’ chromosome in your gran 
cells. : 

Your brothers and sister 
likely to obtain exact replic 
grandfather’s chromosomes 
Hence one may safely asser 
and sisters always have diffe: 
endowments, unless they 
identical twins. 


Below: these two young girls ar 
Such twins come from a single f 
splits in two in the early stage: 
development. Identical twins diff: 
twins in that they have the exact sa 
Even so, environmental variations 
to produce differences. 


he forma- 
n if chro- 
of these 
me as the 
er's body 


no more 
all your 
you are. 
brothers 
ereditary 
n to be 


cal twins. 
j egg that 
mbryonic 
fraternal 
t of genes. 
expected 


an Bucher/PR 


It is vortant to note how identical 


twins dif rom so-called fraternal twins. 
Fraternal ©» ins arise when two egg cells are 
simultan sy fertilized by two different 
spermat The probability that the si- 
multane« fertilized eggs have similar 
combin¢ ; of chromosomes is no greater 
than it i: any two eggs produced by the 
same n r at different fertilizations. 
Conseq! y, the hereditary endowments 
of frater wins are on the average no 
more si r than the endowments of 
brother | sisters not born at the same 
time. 

Ide ‘| twins (or multiples) arise 
when a le fertilized egg gives two or 
more er os, which developed into two 
or more ies, Since the process of cell di- 
vision © | mitosis involves an accurate 
splitting sach chromosome and an exact 
distribu of the halves to the daughter 
cells, ic al twins possess identical chro- 
Right: fraternal twins. Fra- 
ternal twins come from two 


separate eggs fertilized by 
two separate sperm. These 
twins have different gene 
sets and are no more alike 
than nontwin brothers and 
sisters. 


mosome complements and, therefore, have 
the same heredities. 

Apart from identical twins, the possi- 
bility that any two human individuals, now 
living, or having lived in the past, or yet to 
live in the future, may have identical hered- 
ities is remote indeed. It is exceedingly 
small even in the case of brothers and sis- 
ters, with the same maternal and paternal 
grandparents. It is even smaller for unre- 
lated individuals. Even in the case of identi- 
cal twins, variations in the conditions of the 
environment may be expected to produce 
differences. 


SEX DETERMINATION 


What causes some babies to be girls 
and others boys? In other words, what de- 
termines the sex of an individual? This 
problem has stirred the curiosity of man- 
kind since the earliest days. It has given 
rise to a great number of unfounded guesses 
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and unjustified speculations. Only since the 
mechanism of chromosome distribution has 
become clear have scientists been able to 
offer a valid solution of the intriguing prob- 
lem of sex determination. 

When we made the statement that 
human body cells contain twenty-three 
matching pairs of chromosomes, we should 
have added that, strictly speaking, this is so 
only for the cells of a female body. In the 
case of a male body, there are twenty-two 
matching chromosome pairs, correspond- 
ing to those in female cells, plus a pair of 
chromosomes consisting of unequal mem- 
bers. One of the partners of this twenty- 
third pair is clearly larger than its mate. The 
larger partner resembles either member of 
the twenty-third, or X, pair of the female 
chromosomes. The smaller partner is not 
represented in the female chromosome 
complement at all. It is found in male cells 
only. Let us call the larger partner the ¥ 
chromosome and the smaller one the Y 
chromosome. The female cells, then, con- 
tain two X chromosomes; the male cells, 
one X and one Y chromosome. 

When female sex cells are to be 
formed, the two X chromosomes of' the 
female germ cell come together. They then 
split lengthwise, forming four X chromo- 
somes. Cell division subsequently yields 
four nuclei, each containing an X chromo- 
some. In the formation of male sex cells, 
the single X chromosome pairs with its 
smaller partner, the Y chromosome. Each 
of these chromosomes splits lengthwise. 
The cell then contains two X chromosomes 
and two Y chromosomes. When this cell 
gives rise to four new cells —the sex cells — 
half will contan X chromosomes, the other 
half Y chromosomes. 

If these two kinds of Spermatozoa are 
equally efficient in reaching and fertilizing 
the egg cells, we should expect two kinds of 
fertilized eggs to be equally numerous. Half 
of them would have two X chromosomes 
(XX) and would develop into girls. Half 
would carry one X and one Y chromosome 
(XY) and would give rise to boys. 

As a matter of fact, male births are 
slightly more frequent than female births. 
The reason is as yet unknown. Possibly the 
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spermatozoa with a Y chromosome are a 
bit more efficient swimmers. or penetrate 
the egg cell more readily. P pS some of 
the XX fertilized eggs die of sarly stages 
of their development. The acid-base bal- 
ance of the female reproducti» © tract at the 
time of sexual intercourse a! elps deter- 
mine which type of sperm je the most 


likely candidate to fertilize | gg. 


The solution of the a ! riddle of 
sex determination, then, h ved to be 
surprisingly simple. The se a child is 
determined at the time of lization by 
the kind of spermatozoon | \appens to 
unite with the egg cell. Thi matozoon 
may carry on X chromosom which case 
it will give rise to a girl. |! arries a Y 
chromosome, it will produc oy. It is all 
a matter of chance. 

PROBABILITY AND SEX Dt \MINATION 

Certain facts seem to tradict the 
chromosome theory of sex rmination, 
In a considerable number of families, all the 
children are either girls or boys. If one half 
of the sperm are always boy-determining 
and the other half girl-deternining, why 
should the Jones family hay boys and 
no girls and the Smith family ~x girls and 
no boys? If we examine the ts in such 
cases closely, we shall find that such facts 
agree surprisingly with the theory involved. 


Suppose that we toss a coin in the air a 
number of times, calling the first toss A, the 
second B, the third C, the fourth D, and so 
on. When we analyze tosses A, B, C, D, 
and the rest, we shall find that in about half 
the cases the coin will land heads up and in 
the other half heads down. Suppose now 
that we consider tosses A and B as forming 
part of a single group and that we pair 
and D and all the rest in the same way. We 
shall find that in about one quarter of the 
cases there will be two heads, that in anoth- 
er quarter there will be two tails, and that 1n 
one half the cases heads will be followed by 
tails, or tails by heads. That is the way the 
law of chance operates. In the case of fami- 
lies with two children, you will find that 
about a quarter of them will have two girls» 
a quarter will have two boys, and half w! 
have a boy and a girl. If coins are tossed in 
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MALE © `M CELL 
The me m cell has one X chromosome and one Y chromosome. The female 
germ cr s two X chromosomes. Of the four sex cells formed from the male 
germ ct vo contain an X chromosome apiece; the other two, a Y chromo- 
some. E of the female germ cells also yields four cells when sex cells are 
formed ı of these contains an X chromosome. If the four male sex cells fer- 
tilize th ir female sex cells as shown, the result of these unions will be two 
males = wo females. 


groups three, in about one-eighth of the 
groups sere will be a “run” of three heads, 
and in cout one eighth a “run” of three 
tails. O' families with three children, about 
one in sight has three boys; one in eight, 
three 

If the letter n stands for the number 
of children, the probability of having a fam- 
ily of » children all of one sex is approxi- 
mately ¥/2", or Y2 to the nth power. This is 
an approximate formula, not an exact one, 
since, as we have pointed out, boys are 
born slightly more frequently than girls. 
The probability of having n boys is, there- 
fore, slightly greater than that of having ” 
girls. With the aid of this formula, we can 
predict that about one in sixty-four families 
With six children will have six boys, and one 
in sixty-four will have six girls (1/28=Yea). 


GENES 


Thus far we have been dealing with the 
chromosomes as if these were the ultimate 
hereditary units. As a matter of fact, each 


chromosome contains a number of smaller 
units, called genes. The genes of all organ- 
isms appear to be astonishingly similar in 
chemical composition — they consist of nu- 
cleoproteins, which are compounds of nu- 
cleic acids and proteins. What, then, makes. 
the human genes differ from those of, say, a 
dog or a sequoia tree? What makes the 
genes that modify the eye color in man dif- 
fer from those that modify the hair shape? 
Gene specificities —that is, the differences 
between the genes —reside in their nucleic- 
acid components. The most important kind 
of nucleic acid, deoxyribonucleic acid, 
usually abbreviated DNA, consists of se- 
ries of four kinds of molecular constituents, 
or nucleotides, arranged in spirally wound 
fibers. Now the four kinds of nucleotides 
can be compared with letters of the alpha- 
bet. The twenty-six letters of the English 
alphabet suffice to build up an infinite num- 
ber of words, sentences, and paragraphs. 
This can be done also with only the three 
“letters” of the telegraphic Morse code 
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Gregor Mendel performed the classic experiment 
in heredity. His paper on heredity in the pea plant 
went unnoticed until the twentieth century. 


(dot, dash, gap). Different genes of the 
same species, such as man, and genes of 
different organisms differ in the sequences, 
the arrangements, of the four letters of the 
genetic alphabet. 

We can think of the genes of a given 
chromosome as grouped together in a 
string, each gene occupying a definite place 
in the string. The genes, together with envi- 
ronments, are responsible for the develop- 
ment of a living body from fertilization, 
through various Stages of fetal life, to infan- 
cy, youth, maturity, old age, and death. 

What roles do different genes play in 
this process? The genes are best compared 
with separate players in a symphony or- 
chestra. A symphony is the product of all 
the players working together, and yet each 

player has a different function. When a gene 
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changes, the result may af! 
acters or traits. In man, f 
gene changes influence 
eyes, others the skin co! 
the nose, or the speed o 
the intelligence, and sc 
have been able to draw 
maps for certain speci: 
plants, showing the posit 


arious char- 
imple, some 
olor of the 
he shape of 
l-clotting, or 
Geneticists 
hromosome 
vnimals and 
the genes in 


the chromosomes. They iade a start 
in drawing up similar for human 
chromosomes. 

Curiously enough, t} ; governing 
the inheritance of specifi rs, or char- 
acters, as determined by zenes, were 
worked out about a ce igo by an 
Austrian abbot long befor ilists knew 
anything about either ry chromo- 
somes. In the year 186 or Johann 
Mendel, abbot of the mor at Bruenn, 
read a 20,000-word pap his experi- 
ments in the crossbreedin; ymmon edi- 
ble garden peas. The pap published 
in the proceedings of the in the fol- 
lowing year. In this pape stablished 
certain laws of heredity have come 
to be known as Mendel's l cientists at 
that time were not particu impressed, 
and Mendel’s paper was bu in oblivion 
for years. It was not until that it was 
rediscovered independent!) hree inves- 
tigators, working in Hollan ermany, and 
Austria. It was found late: t Mendel’s 
laws applied not only to peas but to other 
organisms, including human beings. 

Before discussing Mendel’s laws, let us 


clarify some basic facts about genes. Ordi- 
narily, each inherited trait, such as the color 
of eyes or hair in a human being, is con- 
trolled by a particular pair of genes working 
together. These genes are always found in 
the same relative position on a particular 
pair of matching chromosomes. Some 
traits, however, are determined by the in- 
teraction of many pairs of genes, located on 
different chromosome pairs. f 

When a geneticist speaks of an an 
ism that is pure with respect to some bale 
that means that both its genes for the tral 
are identical. As a result, when two pure 
Organisms are crossed, all their offspring 
will show this trait. A hybrid is an organism 
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that possesses two different genes for the 
trait in question. If two hybrids are crossed, 
some of their offspring will show the effects 
of one gene and some the effects of the 
other. 

Let us suppose that a hybrid individual 
has one gene C for curly hair and one gene 
c for straight hair. In this case, the hair will 
actually be curly, since the gene C is more 
powerful in determining this trait than the 
gene c. C is called the dominant gene and c 
the recessive gene of this pair. In represent- 
ing the genetic make-up, or genotype, of an 
individual, capital letters are ordinarily 
used for dominant genes and lower case let- 
ters for recessive ones. 

A dominant gene will always show its 
effects in the physical characteristics, or 
phenotype, of an organism, even though the 
recessive is present (as in individuals with 
either genotype CC or Cc). The recessive 
gene expresses itself only when the domi- 
nant is absent (as in genotype cc). Domi- 
nance and recessiveness are met with very 
often in the heredity of man, as in that of 
other organisms. Yet, as we shall see later 
on, there are pairs of genes in which neither 
gene dominates but each modifies the ef- 
fects of the other. 


MENDEL'S LAWS 


The first of Mendel’s laws is that of 
segregation. When two purebred organisms 


Gregor Johann Mendel, whose portrait appears on 
the preceding page, crossbred common edible 
peas and established the laws of heredity now 
called Mendel’s laws. Above are shown the work- 
ings of the laws of dominance and segregation. 
When a pure-stock tall plant is bred to a pure dwarf, 
the first generation of offspring —F, —will all be tall 
hybrids: that is, the gene for tallness will be domi- 
nant in them, but the gene for smallness will also be 
carried. If the members of the F, generation are 
bred together, giving rise to the second genera- 
tion—F,—25 per cent will be pure tall, 50 per cent 
will be hybrid tall and 25 per cent will be pure 
dwarf—a 1:2:1 ratio. This means that the dominant 
and recessive characters, which were mixed in 
generation F,, have now become segregated, or 
separated. What will happen in the third genera- 
tion—F,? If the pure tall plants of F, mate, all their 
offspring will be tall. If the tall hybrids mate, their 
offspring will show the same 1:2:1 ratio that we 
noted in F,; if the pure dwarf plants of F, mate, all 
their offspring will be pure dwarf stock. 
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with two contrasting characters—such as 
yellow and green seed color, in the case of 
peas—are crossbred, the offspring will 
show only one of these characters. Jn the 
case of the yellow-green pair in peas, only 
yellow will appear in the first generation of 
hybrid offspring. Yellow is the dominant 
character. The other character—green— 
will not be evident in the first generation of 
offspring, but will reveal itself in a later 
generation. Green is the recessive charac- 
ter. Suppose that the hybrids showing yel- 
low seed are mated. Of the resulting gener- 
ation of peas, 25 per cent will have yellow 
seeds, 50 per cent will be hybrid but show 
yellow, and 25 per cent will have green 
seeds. This is known as the 1:2:1 ratio. 
Thus the dominant and recessive charac- 
ters that were mixed in the first generation 
of hybrid offspring have become separated 
or, as a geneticist would say, segregated. 

Mendel’s second law is concerned with 
the independent assortment of genes. It 
States that in cases in which more than one 
pair of genes are involved, each pair will 
Segregate independently of the others. In 
peas, for example, tallness and shortness of 
stem are contrasted characters that segre- 
gate in the same way as do yellow and 
green seed color. Suppose that a tall race 
with yellow seeds is crossed with a short 
race with green seeds. In the first genera- 
tion only the two dominant characters — 
tallness and yellowness — will appear. If the 
hybrid forms that result are crossed, out of 
every sixteen individuals, on the average, 
nine will show both dominants (tall, yellow), 
three will show the dominant of one pair 
and the recessive of the other (tall, green), 
three will show the other dominant and the 
other recessive (yellow, short), and one will 
show both recessives (short, green). This is 
called the 9:3:3:/ ratio, 

We can illustrate Mendelian inheri- 
tance in man by discussing the heredity of a 
trait that is probably unknown to most peo- 
ple. A weak solution of the chemical known 
as phenylthiocarbamide (PTC, for short) 
tastes intensely bitter to about 70 per cent 
of people living in the United States. To the 
other 30 per cent of the U.S. population, 
the same solution haś no taste at all or only 
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a very faint taste. This is a n 
ty. To find out whether yo 


ter of heredi- 
re a “taster” 


or a “nontaster” you will have to try some 
PTC solution yourself. 

If a pure “taster” —th 3, one whose 
parents and other ancestor ere all “tast- 
ers” — marries a “nontaste the children 
from this marriage will > “tasters.” 
There will be no perceptil ifference in 
the ability of the pure and rid “tasters” 
to taste PTC solutions. In t ase, being a 
“taster” is a dominant trai ing a “non- 
taster” is a recessive trait 

Suppose now that two rid “tasters” 
marry. According to Mend irst law, out 
of every four offspring, on the average, one 
will be a pure “taster,” on \| be a pure 
“nontaster,” and the other two will be hy- 
brids—that is, they will b isters” but 
will carry the recessive, “noutasting” trait, 
in latent form. The pure recessives—the 
“nontasters” —that are boi Mm crosses 
of two hybrids are just as pure as those 
found in families in which both parents are 
also “nontasters.” The recessive heredity 
does not disappear, nor docs it become 
weakened or contaminated by its passage 
through hybrids, in whom oniy the domi- 
nant trait appears. 

This fact is extremely important be- 


cause it shows how far from the truth are 
the ideas about heredity held by the general 
public. According to popular belief, heredi- 
ty is transmitted from parents to offspring 
through blood. The paternal and maternal 
bloods are supposed to mix and to give rise 
to a kind of solution. According to this no- 
tion, the heredity of children is a compro- 
mise between the heredities of the parents, 
and brothers and sisters have similar heredi- 
ties. These ideas are reflected in such fig- 
ures of speech as “blood mixture,” half 
blood,” “blood will tell” and so on. | 
course, as we have seen, blood has nothing 
to do with the transmission of heredity. 
Mendal’s discovery has shown that paren- 
tal heredities do not mix, but that, on the 
contrary, they are segregated in the on 
spring. A child born to parents who are bot 
“tasters” may be a “nontaster.” Brothers 
and sisters may be just as different in this 
respect as are unrelated individuals. 


The sex cells of a pure “taster” contain 
for tasting PTC. The sex cells of 
er” contain a “‘nontasting” gene, 
t. A child of such parents carries both T and 


t. Since T is dominant over t, this child is a 
“taster. ut—and this is the gist of the law 
of segreygation—the genes T and t do not 
fuse in hybrid. Among the sex cells 
produc the hybrid, one half carry T 
and the r half t. 


Among the offspring of two hybrid 


“taster Tt) parents, about one quarter of 
the children will arise from a union of a T 
egg with a T sperm and will be pure “tast- 
ers” (TT). About half of the children will 
come from the union of a T egg with a t 
sperm, or vice versa. They will be hybrid 
“tasters” (Tt). Finally, one quarter of the 
children will result from the union of at egg 
with a t sperm and will be “nontasters” (tt). 


SEX-LINKED INHERITANCE 


We have seen that one pair of chromo- 
somes is involved in the determination of 
sex—the XX chromosomes of the female 
and XY chromosomes of the male. The 
trait determined by the genes carried in the 
X chromosomes will show a special kind of 
inheritance, called sex-linked inheritance. 
One of the traits in question is color blind- 
ness, 2 condition in which a person is un- 
able to distinguish colors, particularly red 
and green, easily distinguished by a person 
with normal vision. Another sex-linked 
trait is hemophilia. In this condition, the 
blood fails to clot properly. A slight wound 
is liable to result in fatal bleeding. y 

Color blindness is a recessive trait with 
respect to normal vision, which is the domi- 
nant trait. Let us indicate the gene for nor- 
mal vision as C and the gene for color blind- 
ness as c. Consider now a marriage In 
which the mother is color-blind and the fa- 
ther has normal vision. The color-blind 
mother carries two X chromosomes, both 
with c genes, and all the eggs she produces 
will also carry c. The father, with normal 
vision, has an X chromosome with a C 
gene, and a Y chromosome that does not 
carry a gene for color vision at all. Half of 
his spermatozoa will have an X chromo- 
some and the other half a Y. 


The X-bearing spermatozoa fertilizing 
the egg cells will give rise to daughters, who 
will carry one X chromosome with C and 
another with c gene: that is Cc. Since nor- 
mal vision is dominant over color blind- 
ness, these girls will have normal vision, but 
will harbor the gene for color blindness, c. 

If such a woman is married to a normal 
man (C), all of the daughters will have nor- 
mal vision, but half of them will harbor the 
gene for color blindness. Half of the sons 
will inherit the X chromosome with the 
gene for color blindness from their mother, 
and will consequently be colorblind (c). The 
other half of the male offspring will inherit 
the gene for normal vision (C). 

A color-blind man (c) married to a 
normal woman not carrying the gene for 
color blindness (CC) produces children 
with normal vision only. But while his sons 
(C) are free from the gene for color blind- 
ness, all his daughters carry this gene ina 
hidden condition (Cc) and will transmit it to 
half of their children. 

If a woman carrying the gene for color 
blindness married a color-blind man, then 
half of their daughters would be carriers for 
color blindness. The other half would be 
color-blind females. Half of the males pro- 
duced in this cross would be normal males. 
The other half would be color blind. 

If a color-blind female married a color- 
blind male, then all of their offspring will be 
color blind. 

Hemophilia is carried in the same 
manner as color blindness. 
COMPLICATIONS IN INHERITANCE 


The inheritance of many human traits 
is not so simple and clear-cut as the ability 
to taste PTC, or color blindness, or hemo- 
philia. One complicating factor is the fact 
that, according to the second law of Men- 
del, different genes are inherited indepen- 
dently. Suppose that a pair of chromosomes 
carry the dominant gene for brown eyes, 
which we may call B, and its recessive 
counterpart, b, which causes blue eyes. The 
genes T and t, for the ability or inability to 
taste PTC, are carried in the same person in 
a different chromosome pair. If a person 
who has brown eyes and is a “taster” 
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(BBTT) is married to a blue-eyed “nontast- 
er” (bbtt), the children will have brown 
eyes and will be “tasters.” But they will 
carry the recessive genes for blue eyes and 
for the inability to taste PTC. The genes of 
these children will be BbTt. At meiosis, the 
chromosomes with the genes for eye color 
will be distributed independently from 
those that carry the genes for tasting ability. 
A marriage of two BbTt individuals may 
result in the production of four kinds of 
children—brown-eyed “tasters,” brown- 
eyed “nontasters,” blue-eyed “tasters” and 
blue-eyed “nontasters.” Obviously, the sit- 
uation will be still further complicated if 
parents carry more than two such latent 
recessive genes. 

Another complication arises when two 
or three genes located in different chromo- 
somes produce similar effects on the organ- 
ism. This is called polygenic inheritance. 
For example, there are several genes in 
man that produce a dark color in skin. 
Genes that behave in this manner are 
called cumulative genes. Let the genes that 
darken the skin be called D', D?, D?, and so 
on, and the counterparts of these genes, 
producing no color, d!, d2, d?, and so on. 
Suppose that blacks carry at least six 
color-producing genes D'D'D?D?D?D? and 
that whites carry genes that leave the skin 
light, d'd'd?d?d8d3, The offspring of a first- 
generation, black-white cross will evidently 
have the genes D'd'D?d2D8d3, It happens 
that the skin-color genes are neither domi- 
nant nor recessive, so that the first genera- 
tion has, in effect, three color-producing 
genes, which make his skin color about in- 
termediate between that of a black and that 
ofa white. As we have Seen, the sex cells of 
this cross may carry eight different combi- 
nations of skin-color genes(2*= 8): 


D'D?D®  Did2ps 
D'D?d diD?D? 


D!d?d? 
d'D2ds 


d'd? D? 
d'd?d? 


_ The cross of two of these first genera- 
tion types may therfore produce children 
with as many as six color genes (remember 
that each set of color genes is paired). 
Other children born of the pair may have no 
color genes at all. The children, then, may 
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be as dark as their blac! 
light as their white ancest« 


estors or as 
lost of them, 


however, will resemble th irents in skin 
color. This analysis is o inplified, be- 
cause more than three p F genes are 
actually involved. Besid: me of these 
genes are more efficient r producers 
than others. 

The hair color, statu cight, shape 
of the head, and so on a \its that are 
determined by interaction ‘veral genes 
each. Their inheritance r sles that of 
skin color. In the case of color, there 
seems to be one basic cok 1e pair that 
determines the differenc: ‘ween blue 
and brown eyes and sever: 1e pairs with 
relatively minor effects. I * secondary 
genes may modify the blue own colors 
by making them darker or r, or by re- 
stricting these colors to di nt parts of 
the iris of the eye. 

MUTATIONS 

Cells and chromosome continual- 
ly dividing in the body, anı genes are 
generally exactly duplicated n the chro- 
mosomes divide. In relativ rare cases, 
however, one of the genes « ex cell will 
no longer be an exact cops he original 
gene. A change of this soi is called a 
mutation. The changed gene is known as a 
mutant. It is known that the rate of muta- 
tion in various organisms is increased by 
radiation with X rays, radium. and ultravio- 
let light, and by various other conditions. 

A small minority of mutan genes may 


produce desirable effects. The great majori- 
ty of mutant characters, however, are 
harmful. They lessen the chances of sur- 
vival. In the case of humans, harmful muta- 
tions are responsible for conditions such a 
hemophilia and amaurotic idiocy, which is 
mental impairment coupled with loss of vi- 
sion. One of the dreaded consequences of 
nuclear explosions is that they may build up 
a dangerous degree of radioactivity and that 
this may add considerably to the number of 
unfavorable mutations. 


UNDESIRABLE GENES 


_ Many inheritable defects and dises 
in man are caused by recessive genes. T! 


is true, example, in the case of the con- 
dition ed albinism. Those who display 
this cond /tion—albinos—have a pale skin 
extrem sensitive to sunburn, pink eyes 
overse! tive to strong light, and very light, 
straw-c: lored hair. Albinos are pure car- 


riers í recessive gene, a. Many more 


people ry not only this recessive gene 
but also a dominant gene, A, for normal 
pigmeni»tion. These people are entirely 
unaw that they are carriers. It has been 
estimated that they are almost 280 times 
more erous than the albinos. 

i nism is not a very serious handi- 
cap. er recessive genes, however, are 
respi jle for crippling diseases in man. 
Like ihe gene for albinism, they are carried 
by a iber of persons who are quite nor- 
mal themselves. Marriages between such 
carrie of defective recessive genes may 
result. to the utter surprise of the parents, in 
the binih of afflicted children. 

\ arly in the twentieth century, a group 
of scientists known as eugenists sought to 
improve human populations by freeing 
them ‘rom defective genes, or at least by 


the frequency of such genes. The 
sts aimed, among other things, to 


s-cell anemia is a serious, inherited disease 
:|most exclusively among blacks. The inheri- 


the disease, the red blood cells are an abnormal 
sickle shape and do not function normally 


t, HEW 


Children, Children’s Bureau, Office of Child Developmen 


prevent the carriers of undesirable genes 
from having children: This could be accom- 
plished either by persuading carriers to ab- 
stain voluntarily from parenthood or by 
sterilizing them by means of a surgical 
operation. 

If an undesirable condition is caused 
by a gene that is dominant over the normal 
or desirable trait, the measures suggested 
by the eugenists may be effective. If, how- 
ever, the undesirable gene is a recessive, 
the eugenical program will yield results 
very slowly, if at all. This is because the 
persons who carry both the dominant gene 
and the undesirable recessive gene are 
themselves normal people. Therefore they 
cannot be identified and sterilized. In the 
case of albinos, for instance, the steriliza- 
tion of all the albinos would leave nonalbi- 
no carriers of albinism, who are about 280 
times more numerous that the albinos 
themselves, to carry on the gene for albi- 
nism. The number of albinos in the next 
generation would not be appreciably dimin- 
ished, as far as we can see. 


GENETIC COUNSELING 


Because many human disorders can be 
tied to genetic abnormalities, many pro- 
spective parents have sought professional 
help in determining the chances of their 
offspring being born with a genetic defect. 
Genetic counseling is advised for many 
couples who have a history of genetic disor- 
ders in their families. Sickle-cell anemia 
and Tay-Sachs disease are examples of the 
types of disorders where genetic counsel- 
ing would be a wise decision. 

Perhaps we can look forward to the 
day when these genetic disorders can be 
diagnosed and treated. Scientists involved 
in genetic engineering hope to perfect the 
means of removing defective genes from 
the chromosomes and substituting normal 
genes in their place. 


THE CONCEPT OF RACE 


If marriages took place regardless of 
social and economic status, religious per- 
suasion, and nationality, gene frequencies 
would become alike throughout the world. 
This would not mean that all men would 
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This young man is an albino. Albinism is a genetic 
disorder that causes an extreme deficiency of 
certain pigments in the skin. The gene for albinism 
is autosomal recessive, so both parents must 
carry the gene. 


become alike. Since gene differences are 
not leveled off by hybridization, mankind 
would show even more varied hereditary 
endowments than is the case today. How- 
ever, the same diversity of types would be 
found everywhere. Actually, marriages are 
not concluded at random, and certain genes 
are encountered with greater frequency 
among the inhabitants of certain areas than 
others. 

The gene for albinism, for example, 
occurs more frequently in a certain Indian 
tribe living in the jungles of the Isthmus of 
Panama than in most other populations. 
There are fewer cases of color blindness 
among American Indians than among 
whites. The frequency of the genes for dark 
skin color is much higher among the natives 
of central Africa than among people of 
European origin. The gene for the blue eye 
color is met with very frequently among the 
inhabitants of northern Europe, particularly 
in Norway. It becomes progressively less 
common as one proceeds southward from 
Norway, through central Europe, to the 
Mediterranean countries, and to Africa. It 
must be kept in mind, however, that some 
brown-eyed individuals occur in Norway, 
and some blue-eyed ones in the Mediterra- 
nean region and Africa. 

Populations differing in the frequencies 

of their genes are called races. The modern 
idea of race follows from the gene theory. It 
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differs radically from the « r concept, 


based on the notion that he; y is trans- 
mitted through “blood.” Ac ling to this 
outmoded racial doctrine hereditary 
endowments of a human lation be- 
come more and more sim 2eneration 
after generation, provided no inter- 
breeding with other tribe es place. 
Eventually, a tribe becomes ire race,” 
whose members are more s uniform 
genetically. 

Some scientists were l by this 
notion into believing that, ie remote 
time in the past, mankind ted of an 
unspecified number of su ire races, 
whose members were all yed or all 
brown-eyed, all tall or all sl ind so on. 

On the other hand, son ple under- 
estimate the differences betw members 
of the human species. Th: ment was 


sometimes made, according! ut there is 


no such thing as racial < nce. This 
point of view is also obvious yntrary to 
the facts in the case. It is « ) see, for 
example, that blond person more fre- 
quent among people of Fu n extrac- 
tion than among those desc | from Af- 
ricans, and that they are foi | northern 


more often than in southern + «rope. 


There is undoubtedly su ı thing as 
race. When we try to classi e different 
races, however, we run into great difficulty. 
The trouble is that there are many races 
and that they are not sharply separated 


from one another. It is obvious, for in- 
stance, that more people have blue eyes in 
Norway than in Italy. It is possible to say, 
therefore, that the Norwegian population Is 
racially distinct from the Italian one. Yet 
we cannot jump to the conclusion that 
Norwegians represent one race and Italians 
another race. There is no clear-cut separa- 
tion between the two populations, because 
the populations that live in the countries 
intervening between Norway and Italy 
(Denmark, northern and southern Germa- 
ny, Switzerland) show a chain of intermedi- 
ate gene frequencies. It does not help mat- 
ters much to call these intermediate popula- 
tions separate races, because nowhere can 
a line separating any of these races from the 
rest be drawn. 


We are faced with a dilemma, there- 


fore. It = an undoubted fact that the popu- 
lations Norway, Denmark, Germany, 
Switzer! əd, and Italy are distinct. It is 
purely trary, however, to recognize 
only one. or two, or three, or five, or ten 
races. | just as arbitrary to discard racial 
labels a’ eether. 
HERED! AND ENVIRONMENT 

TI ereditary endowment—that is, 
the gen that an individual has inherited 
from hi. arents —functions in an environ- 


ment i does not remain constant. A 


rainy d: v is followed by a sunny one; sum- 
mer, bẹ winter; abundance of food, by 
scarcity 1t would obviously be fatal for life 
on our ~ anet if each kind of heredity could 
functic only one environment. In reali- 
ty, org: sms are generally able to exist ina 
certain iety of environments. 

Th- effect of environment upon man 
and all other living things is obvious 


enough. As we have seen, the skin color in 


man is determined by his hereditary consti- 
tution. “ut everyone knows that skin color 
is also infiuenced by exposure of the skin to 


the sunlight. Some individuals have quite 
pale skin after a winter spent indoors, but 
develop a dark brown color after a summer 


Spent on the beach. The genes for skin 
color remain the same in winter and in 
summer. Yet these genes produce little 
color in some environments and much color 
in others. 


To say, therefore, that the skin color is 
determined by the genes is inexact. The 
skin color is determined by the interaction 
of heredity (as determined by the genes) 
and the environment. The heredity of an 
albino produces no pigment in the skin re- 
gardless of sun exposure. Other heredities 
that occur frequently in what we call rather 
inaccurately the “white race” show pale 
skins when seldom exposed to the sun but 
dark skin after prolonged exposure. Still 
other heredities, mainly in populations o 
tropical lands, give more or less dark skin 
regardless of sun exposure. P 
_ Some traits are determined rather rig- 
idly by heredity and do not vary much in 
different environments. Other traits are 


much more plastic, or liable to be modified. 
They are easily altered by manipulating the 
influences of the environment. The ability 
to taste PTC, or to distinguish between red 
and green colors, depends upon the posses- 
sion of the genes T anc C respectively and 
has little to do with the environment. A 
“taster” will cease to find PTC solutions 
bitter only if his sense of taste in general is 
impaired by old age or by some accident. A 
person with normal color vision will cease 
to distinguish red from green only when his 
eyesight deteriorates. Stature is certainly 
inherited, yet children of Japanese immi- 
grants grow taller in the United States than 
their parents grew in Japan. Skin color is 
doubtless a hereditary trait, yet it can be 
modified to quite a considerable extent. 

It is a matter of the greatest impor- 
tance, from the viewpoint of evolutionary 
development, whether a trait responds to 
the influence of the environment or is rigid- 
ly determined by heredity. Natural selec- 
tion favors the hereditary endowments that 
enable individuals to survive and reproduce 
in a variety of environments. To our ances- 
tors, for example, the ability of the skin to 
tan was probably important as a protection 
against sunburn. It enabled them to gather 
food in intense sunlight. Such an environ- 
ment might have proved fatal to organisms 
not possessing this type of adaptation. 

The number of different hereditary 
endowments that exist in mankind is almost 
equal to the number of people living. We 
cannot change the genes with which each of 
us has been born. The eugenists may be 
successful in persuading, Or forcing, the 
carriers of some grossly defective genes to 
refrain from passing these genes to posteri- 
ty. Yet this would not solve the basic prob- 
lem: how to live in a world in which every 
human has a different hereditary environ- 
ment and differs from every other human. 

This problem can be solved. For one 
thing, we shall have to accept and even 
admire the differences among men, instead 
of considering them as a curse and a pretext 
for conflict. We shall also have to provide 
each member of society with an environ- 
ment in which he can realize the full possi- 
bilities of his hereditary endowment. 
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GROWTH, DEVELOPME’ 


IT, 


AND DECLINE 


by Bentley Glass 


Birth is not the beginning of life. It is 
only a change in the environment that sur- 
rounds the individual. It is a rather radical 
change, to be sure. Yet the growth and de- 
velopment that go on after birth are but 
continuations and alterations of processes 
that went on before that time in the embryo 
and fetus. The saga really begins when the 
egg is fertilized in the womb. 


From a very early age, babies begin to coordinate 
eye movements. First comes turning the head; then 
comes focusing the eyes, and third, comes follow- 
ing an object's motion. 


Brown University 
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INHERITANCE 

At this real commence of life, the 
inherited pattern of a per: growth is 
fixed, once and for all. | of the two 
parents has contributed t child a set 
of twenty-three chromoso threadlike 
bodies within each cell. Th: dicroscopic 
threads carry the thousan: genes that 
determine one’s hereditary ure. There 
are genes for long life, for olor of the 
eyes, for the shape of the n or the size 
of the feet, and for inn ible other 
characteristics. 

Since the father and the mother each 
provide one chromosome sach of the 
twenty-three different chromosome pairs 
in the human cell, there mu-' be two of 
every kind of gene, one inherited from the 
mother and one from the father. But the 
two genes of any single pair need not be 
exactly alike. A gene that promotes normal 


blood clotting, for example, may be paired 
with one, derived from the other parent, 
that is unable to provide normally clotting 
blood. When the two genes in a pair are 
different, one usually dominates. If a pef- 
son has one gene for normal blood clotting 
and one that is ineffective, his blood will 
clot normally. It will not do so if both genes 
of this particular pair are ineffective. 
Genes and chromosomes, then, are 
present in the fertilized egg from the very 
beginning, and they control development 
all through life. Some produce their effects 
early, others only in later years. Thus onè 
type of diabetes, as a general thing, shows 
up after the age of forty. The genes that 
make a long life possible may not revea 
their presence until even later. watt 
The genes represent the potentialities 
of all growth and development. Yet, since 
no human being can develop in a vacuum, 
normal growth and development can take 


During econd half of the 
first y of life, a baby 


begins wl and explore. 

place only in a normal environment. There 
must in adequate supply of many sorts 
of essential things—water, mineral ele- 


ments, fats, sugars and starches, proteins, 


vitamins, oxygen, and so on. There must be 
adequate elimination of waste substances 
of all kinds. There must be careful control 


sulation of physical and chemical 
as, such as temperature, acidity, 
concentrations of substances. 
n any of these factors may, and 
will, alter considerably the pro- 
cesses of growth and development. 

When we speak of an inherited charac- 
teristic, we generally have in mind one that 
is not readily altered by ordinary changes in 
the environment, or that we do not yet 
know how to change—such as eye color, 
for instance. However, this does not mean 
that the characteristic cannot be changed at 
all or that we ought to be fatalistic about 
such things. For example, diabetes, which 
in former times was a fatal disease, is in- 
herited —that is, there is a gene responsible 
for it. Yet injections of insulin will keep it 
under control. In fact, some day we may 
even learn how to prevent it from develop- 
Ing at all. So an inherited abnormal condi- 
tion may well be cured or prevented. 

The environment of the unborn baby is 


Hanna Schreiber, Rapho/PR 
highly regulated and very uniform, com- 
pared to its surroundings after birth. Hence 
the features of growth before birth are 
much the same for everybody, except for 
the differences that result from different 
genes. After birth, however, persons show 
more and more variation because of differ- 
ences in surroundings, food, care, training, 
and so on. So, although all a person’s poten- 
tialities depend upon the genes he has at 
birth, what will come of these potentialities 
depends more and more on his special envi- 
ronment as he grows up. 


GROWING PROCESS 


In its simplest sense, growing means 
adding living matter to the matter that is 
already present in the body. Every person 
is made up of a vast number of tiny cells. 
Because there seems to be a limit to the size 
that a single cell can have, a body’s growth 
comes about through the multiplication of 
the number of cells. Each cell divides into 
two, and then these grow to their full size 
and divide in their turn. It takes many suc- 
cessive divisions of the cells to produce a 
baby from a fertilized egg. By that time, the 
growing process is almost finished, at least 
by comparison with what has gone before. 
The weight of the human body, from ferti- 
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Gerber Foods 


Erika/PR 
Sitting, crawling, trying to stand, and hand-eye 
coordination are major events. They are important 
for exploring and coping with the baby’s environ- 
ment. Vocalizing is also important. 


lized egg to newborn, has multiplied 
2,500,000,000 times. It increases only 
twenty times or so from newborn to adult. 

Both brain and voluntary muscle have 
their full quota of cells before birth, and no 
new ones are produced after that time, even 
to replace those that happen to die. In the 
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liver and various other org: cells practi- 
cally stop dividing by the t of birth, al- 
though they can again beg do so if a 
part of the organ has beer stroyed. In 
only a few structures are th ls constant- 
ly multiplying in number. ig them are 
the skin and the blood cells ! blood cor- 
puscles, for example, can s as carriers 
of oxygen for only about een weeks 
before they break down. enormous 
numbers of them are requ hat, in the 
bone marrow where they produced, 
some two million of them be turned 


out every second of the day light. 
TWO MAIN STAGES 


There are two main st of growth 
and development. First, t} 5 an auto- 
matic period. This is follo by a func- 
tional stage during whici velopment 
depends upon contact, str ind stress, 
exercise, and learning and : ts of expe- 
riences. Birth does not rep! a dividing 
line between these two st: for many 
automatic steps in developmen: occur after 
birth. Among them are th ange from 
blue to brown eye color in ny persons 
during childhood, or the regular changes of 
adolescence in everybody. (» the other 
hand, many functional steps in develop- 
ment are taken before birth ien the un- 
born baby kicks and turns within its moth- 
er’s body, it is beginning to make its bones 


and muscles strong through use 

Because some people are well fed and 
some are half-starved, because some stay 
well and others get sick, and because of all 
Sorts of other circumstances, there will in- 
evitably be differences in people’s growth 
and development. These will be heightened 
by differences in the genes they inherit, for 
no two people, except for identical twins, 
have identical genes. Some tend to grow 
faster, others slower; some, fatter, others 
leaner, 


INFANCY AND EARLY CHILDHOOD 


Look at the newborn — the tiny ban 
of reflexes, just come into the outer pee 
to grow and develop into an adult. It 
helpless at birth, yet it is destined to be 
come skillful in movement and to learn t0 


think. ™othing is more marvelous than the 
story of ts growth, 
The very first adjustment after birth 


has to that of breathing. The supply of 
oxyge! \m the mother has been cut off 
for so little while and death will come 
quick! the breathing is not started. For 
several! weeks before birth, the breathing 
muscle. of the chest, abdomen, and dia- 
phragr ve been practicing a bit at inflat- 
ing th igs. The shock of the cold outer 
air as ihe baby emerges from the mother’s 
body | lly provokes a cry that draws air 


into t ungs. Breathing then starts. For 
the firs: year, breathing depends mostly on 
the al ominal muscles, and it is shallow 
and ‘' rapid. After the baby com- 
) sit up, the thoracic, or chest, 


menc: 
muscÌ egin to assist with the breathing, 
and i ws deeper and slower. Between 
three seven years of age, the adult pat- 
tern of breathing is set. 

[Fie smaller a body, the more surface it 
Todd right) have control 
over many body functions, 


as well improved coordi- 
Nation, but the period from 
ages 1 to 3 is difficult as far 
as social growth is con- 
cerned. The six-year-old 
(left) has better control over 


her fears and can help a 
younger sister or brother. 


has in proportion to its bulk Since greater 
surface means more loss of heat, a baby, 
relative to its weight, loses more heat than a 
grownup. This means that more food and 
lots of muscular activity—mostly kicking 
and squirming—are needed to produce the 
heat. Because of high heat loss and poorer 
control over heat production and body 
temperature, chills are a menace to the 
newborn. 

Body temperature is not well regulated 
until a child is about two years old, al- 
though in this respect each child is apt to 
follow his own rules. Temperature controls 
are connected with the development of the 
thyroid gland, which normally shows a 
steady rate of growth from birth to maturi- 
ty. If a thyroid is underactive from birth, a 
child soon becomes a cretin. Growth is 
stunted to dwarf size. In addition, a puffy 
fullness of face, lips, nose, tongue, and the 
skin in general is produced. The intelli- 
gence fails to develop normally and the 
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child is retarded. Fortunately, if he can be 
treated with thyroid hormone early enough, 
he can overcome this condition. 

The development of the digestive sys- 
tem is another necessity in infancy. Every- 
body knows that a small baby cannot eat 
adult foods, although its digestive organs 
are further advanced than most of us real- 
ize. In the first two years, there is a five- 
fold increase in weight in the salivary 
glands. The stomach can hold from ten to 
twenty times more by the end of the second 
year. The pancreas and the glands of the 
stomach and intestines are all ready for 
action at birth, although their secretions are 
small in amount. At birth, the weight of the 
pancreas is only a little more than four per 
cent of its adult weight. At three years, it 
has completed one third of its growth. 

The liver is relatively large at birth, 
and although its weight increases about ten 
times in all, the ratio of its size to that of the 
whole body diminishes by half. Its early 
growth indicates how important it is to the 
infant for storage and for the formation of 
bile. Both the large and the small intestines 
just about double in length between birth 
and full growth, with most of the increase 
coming in the first two years. At birth the 
inner layer of the intestines is well de- 
veloped, so that digestion and absorption 
are well advanced. But the muscular layers 
of the intestines are still thin and weak and 
have a lot of growing to do. 


MILK TEETH 


At birth, the milk teeth and most of the 
permanent teeth are already present in the 
gums, but eruption of the milk teeth does 
not begin until the sixth or seventh month, 
as a rule. Then the middle, or central, inci- 
Sors start to come in, closely followed by 
the lateral incisors. The lower teeth break 
through the surface of the gums before the 
upper ones. The first molars erupt at 12 to 
16 months and the canines afterward (16 to 
20 months). The second molars are the last 
of the milk teeth (20 to 30 months). The 
buds of the permanent teeth already pres- 
ent at birth include all those that replace 
the milk teeth and the first permanent mo- 
lars besides. 
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Exploring wih Dad. The school-a yild asks a 
great many questions. The powers »bservation 
are sharpened during this time 
INTERNAL ORGANS 

The circulatory system has to make a 
considerable adjustment both at he time of 
birth and afterward. The lungs receive very 
little blood before birth, but afterward the 


whole flow must be passed through them. 
This is brought about by the closing of the 
Passage between the right and the left auri- 
cles of the heart. Thereafter, all the blood 
entering on the right side of the heart is 
pumped to the lungs. f 

At first the baby’s blood pressure is 
low and its heartbeat about twice as fast as 
that of an adult. The blood pressure slowly 
rises. The hearbeat becomes slower, losing 
about 25 beats per minute in the first two 
years, another 10 by the age of five, and 
gradually reaching the final rate of about 70 
per minute. The heart, like the liver, is rela- 
tively large at birth. While its size doubles 
in the first two years and triples in four 
years, it does not keep pace with the growth 
of the rest of the body. 

The kidneys are also relatively large at 


These joys are 13 years 


old. ! ie differences in 

the siz | general build of 

the b 

birth wre quite able to handle the task of 
excre’: the body’s wastes. Between birth 


and c year, they triple in weight. By the 
end of one year, they have already attained 
one-{ h of their ultimate size. 


CAR \GE INTO BONE 


f skeleton and the voluntary mus- 
cles of the body have far more of their 
growth ahead of them than the heart, liver, 
and kidneys. The bones of the newborn 
baby are hardly bones at all. Most of the 
skeleton is still formed of cartilage, which is 
softer than bone. Centers of transformation 
into bone, about eight hundred of them, 
arise in the cartilages before birth in some 
cases but in most cases after birth. 

In the long bones of the arms, legs, 
hands, fingers, feet, and toes the earliest 
center of bone formation in each bone is in 
the shaft. Not long after birth, secondary 
centers arise in each enlarged end of the 
bigger arm and leg bones. These secondary 
centers of bone formation are known as 
epiphyses. The cartilage between the epiph- 
yses and the main center in the shaft keeps 
growing rapidly. As a result, the epiph- 
yses are pushed farther and farther apart. 
Only after the bone has reached its full 
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length, toward the end of adolescence, does 
the cartilage stop growing, allowing the 
epiphyses to become firmly attached to the 
shaft. 

The age of a child’s skeleton can easily 
be told from X-ray pictures. For instance, 
at birth there are no epiphyses in the hand 
and no bones at all in the wrist, only c 
lages. At one year, two centers of ossifica- 
tion (formation into bone) have appeared in 
the wrist and a number of epiphyses have 
developed in the hand. Between three and 
five years of age, all the epiphyses in hands 
and fingers arise, together with two more 
centers in each wrist. By five, only one cen- 
ter is still lacking. Girls develop the skele- 
ton more rapidly than boys, though they lag 
behind in stature and weight in these early 
years. 
On every little baby’s head are soft 
places, called fontanelles, where the bones 
of the skull are still incomplete and soft car- 
tilage covers the brain. During babyhood 
the skull increases in size very rapidly, the 
cranium, or braincase, doubling in capacity 
in the first year. The soft spots soon disap- 

ear as the cartilage is converted into bone. 
Even the biggest one has closed by the time 
the baby is a year or a year and a half old. 
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The cranium reaches its full size by six 
years of age. Meanwhile the bones that 
form the face grow quite slowly. Their 
growth becomes rapid only as the teens are 
reached. That is one reason why young 
children’s faces are so different from those 
of adults. 

The rest of the skeleton passes through 
similar changes. At birth the spinal column 
is largely cartilaginous, but the ribs, needed 
at once for breathing, are already partly 
ossified. The typical curves of the spine 
develop after the baby begins to sit up and 
to stand. Just as the face and cranium grow 
at different rates in different periods, so 
other parts change in proportion, too, be- 
cause of the differences in their rates of 


CHANGES IN BODY PROPORTIONS 
FROM CHILDHOOD TO ADOLESCENCE 


growth. The arms and the legs both become 
longer in relation to the trunk 


MUSCLE DEVELOPMENT 


The voluntary muscles of the body 
have a great deal of growin do. Up to 
four years of age, they keep pace with the 
rest of the body. Then they begin to grow 
far more rapidly. Since no new fibers are 
added, this growth is largely due to an in- 
crease in the size of the sing! ers. 

At the start, the eye mu s and those 
needed for breathing are bi leveloped, 
and the arm muscles are further along than 
those of the legs. The ligaments and ten- 
dons that attach the muscles to the bones 
are still poorly developed birth. The 


9 years 
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16 years 


cr rer ee 


BODY SHAPE 
OF AMAN 
AND A WOMAN 


Comparison of parts of 
the skeleton of aman 
and a woman 


Left: the female pelvis 
(black line) is wider and 
deeper than the male 
pelvis (gray) and its 
bones are thinner. 
Right: the male thoracic 
cage (gray) is more 
developed in its upper 
part while the female 
thoracic cage (black) is 
narrower at top, more 
developed at bottom. 
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connective tissues lack elastic fibers. It 
takes use to strengthen the muscles and 
their attachments and to bring about mus- 
cle coordination. But use is not enough. 
It must be supplemented by the develop- 
ment of the senses and the nervous system 
and by the acquisition of learning habits. 


NERVOUS SYSTEM DEVELOPMENT 


The nervous system is far advanced 
physically at birth. The brain is already 
one-fourth full grown, although the whole 
body is only one-twentieth of its mature 
weight. In two years, the brain attains over 
half its full size, and at nine it has practical- 
ly finished growing. The inner structure of 
the brain is also almost complete at birth, 
and no new cells are added to it thereafter. 
But the nervous system is very immature. 
Perceptions, habits, learning processes, and 
memory still must be established. Some 
reflexes, such as yawning, coughing, sneez- 
ing, sucking, and swallowing, are present at 
birth or very soon thereafter. Other reflex- 
es, however, have yet to appear. Hearing 
and the touch sense of the lips and tongue 
are well developed. It has long been thought 
that it takes two or three months before a 
baby can focus its eyes properly and see 
clearly, but some recent evidence indicates 
that proper focusing may occur earlier, 


DEALING WITH THE ENVIRONMENT 


When a baby is ushered into the bright- 
ness, noise, and cold air of its new world, it 
is alarmed and confused. The sense of 
warmth and security that it develops as it 
Snuggles against the mother and is fed is 
its first great experience. It has been said 
that birth and the sense of security, or the 
lack of it, in earliest babyhood lay the foun- 
dations for the development of personality. 

The big job of the first year is to learn 
to coordinate and control bodily move- 
ments. First comes turning the head, and 
learning to focus the eyes and to coordinate 
them in following a moving object. After 
about two months comes the first smile. 
Next comes the coordination of hand and 

eye in grasping an object and transferring it 
from one hand to the other, in reaching out 
for it, and so on. 
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The family shapes the emotional anc social de- 
velopment of the child. How pec act to the 
environment is determined by early s al contacts. 

The cooing welcome that ihe baby 
gives strangers at three months of age is 
likely to be replaced by distrust and alarm 
at six months, for it can now distinguish 


between friends and strangers. Rolling over 
and sitting up comes in the second half 
year. Crawling soon follows. Moving about 
while standing up and holding on and finally 
standing alone are the big achievements 
made toward the end of the first year or ear- 
ly in the second. Meanwhile a lot of experi- 
menting in making sounds has been going 
on. Sounds that mean something —at least 
to the baby — may be used by the end of the 
first year. 5 
In the second year, there is a widening 
understanding of self and of home relation- 
ships. Discipline comes to have signifi- 
cance as the baby learns to understand 
what “No” means. Control over the body 
functions of elimination generally improve 
rapidly at this age, although the bladder is 
still so small that urination must be fre- 


quent. | sc baby is eager to explore every- 
thing, bu: his attention is often and easily 
diverte“ Between one and three years, he 
learns to ocus his interest and attention on 
things t as he had learned earlier to fo- 
cus his vision. He becomes more sociable 
and dependent on the company of others, 
while the same time he is learning in 
other \ ys to be more independent. Suspi- 
cion of strangers is likely to reach new 
heights. and worries and fears begin to 
enter h= mind. He is learning fast, pro- 
gressin. from toddling to walking, from 
babbline gibberish to speaking sentences, 
from ¢.>toring his house to exploring the 
neighbo Hood. He learns to feed himself. 
He es eriments with temper tantrums. 


New emotions, such as jealousy, appear. 
Fron three to six, a new world opens 


up. M of the contrariness of the baby 
just b ning aware of its own individu- 
ality : tends to disappear. Curiosity 
about sorts of things is a dominant 
charav‘sristic, This is the great age for ques- 
tions. —cenness of observation increases 
steadily at this period, as is shown by the 
skill wih which the child can work out sim- 
ple jigsaw puzzles. Imagination reaches a 
peak ‘oo. This is the age of make-believe, of 
imaginary playmates and fairy godfathers 
who may be as real to the child as his par- 
ents. Imitation becomes very prominent. A 


great deal of experience is gathered through 
imitating grownups. Playmates become an 
important part of life. 


NEARING ADOLESCENCE 


In the period from six to eleven, physi- 
cal growth, rapid at first, slows down and 
nearly comes to a standstill. The child be- 
comes less dependent on his parents and 
develops a sense of self-control. ji 

School begins the formal education. 
Parents soon find that teachers have largely 
replaced them as fountainheads of knowl- 
edge. Independence is expressed in bad 
manners and occasionally rebellion against 
parents’ authority. Other children now set 
the pattern that the children strive to fol- 
low. Gangs and clubs spring up as the chil- 
dren strive to get their own community life 
organized. At this age, conscience develops 


into a profound emotional guide. There will 
be sudden onsets of good behavior in the 
usually heedless child, and attempts at 
neatness in the usually disorderly child. 
Compulsions are common. The child feels, 
for example, that he must not step on the 
cracks in the sidewalk or that he must touch 
every third picket in a fence. 

Understanding and intelligence de- 
velop. Learning now becomes conscious. 
Children begin to try to learn instead of 
learning without being aware of the fact. In 
these years, they develop new reading 
skills. They cut down the number and dura- 
tion of the pauses and backward move- 
ments that the eyes make as they read along 
the line of a page. 


PUBERTY AND ADOLESCENCE 


Puberty is a time of rapid growth, cul- 
minating in sexual maturity. It is followed 
by adolescence, which lasts until adulthood 
is attained. Puberty and adolescence make 
up what is known as the period of matura- 
tion. The growth in this period, from about 
the age of eleven to nineteen in girls and 
from about thirteen to twenty-one in boys, 
depends in particular on increased hormone 
secretion by the pituitary and adrenal 
glands and sex organs. Sex hormones stim- 
ulate the rapid growth to mature size of the 
sexual organs, which have grown very little 
since infancy. 

The very rapid increase in height at 
this age is due mainly to the lengthening of 
the legs, for the trunk grows chiefly in girth. 
Breathing capacity increases. The liver, 
heart, and large blood vessels double in 
size; the blood pressure is stepped up. 
These changes make possible the effective 
use of the muscles, which also just about 
double in size, at least in boys, in this peri- 
od. Physical strength increases rapidly, but 
lack of perfect co-ordination brings about 
temporary awkwardness. While the cra- 
nium changes very little, the bones of the 
face lengthen considerably. The features of 
the adult gradually emerge. The pores of 
the skin enlarge. Its oily secretion increases 
and there may be some trouble with pim- 


les. : ; 
X The puberty of the girl usually begins 
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at eleven years of age. She then shoots up 
about seven centimeters or so in a year, 
changing from plump to slender quite 
abruptly. The gain of five to ten kilograms 
per year in weight all seems to go into 
height. The first outward sign of sexual 
maturation is the enlargement of the 
breasts, accompanied by an enlargement of 
the pelvis. There is a change, too, at the 
shoulders. 

Hair appears on the pubic regions and, 
usually somewhat later, in the armpits. At 
thirteen, on the average, the young girl has 
her first menstrual period, marking the first 
release from the ovaries of a mature egg 
cell. She may gain in height in the next few 
years: about three centimeters the first 
year, perhaps two centimeters the next, and 
still less thereafter. Her growth, however, 
is rapidly slowing down. By the age of fif- 
teen, the adolescent girl is about as tall as 
she ever will be. 

Some girls enter puberty at eight or 
nine years of age and others only when they 
are thirteen or fourteen or even sixteen or 
seventeen. These variations in develop- 
ment may lead to considerable self-con- 
sciousness and even alarm on the part of 
the child. However, there is no physical ill 
consequence from such variations. 

When the boy’s puberty sets in, at 
about the age of thirteen, his shoulders 
broaden and his muscles fill out. He gains 
rapidly in height and strength. As his re- 
productive organs mature, spermatozoa, or 
Sex cells, are formed, and sexual glandular 
secretions begin. The pubic hair appears 
early, the hair in the armpits and the beard 
somewhat later. The larynx enlarges. The 
vocal cords lengthen considerably and the 
voice breaks, and after a time it becomes 
about an octave deeper. At fifteen, two 
years after the onset of puberty, the boy’s 
growth begins to slow down abruptly. He 
will gain another two or three inches, but 
more slowly. By seventeen most boys are 
full-grown in stature, 

During puberty and adolescence, psy- 
chological development is no less pro- 
nounced than physical development. The 
sex hormones work a revolution in the atti- 
tudes of young girls and boys. 
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An aged woman. In older persons is a notice- 
able lessening in size of the jaws vrinkling of 
the skin. 

Intelligence continues t velop rap- 
idly in these years. The span od speed of 
visual perception, on which much de- 
pends in learning, reach their peak at six- 
teen or seventeen years of : So does 
memory; so do speed and accuracy in mo- 
tor skills and habits. In fact, eral intelli- 
gence, which shows a st increase 
through childhood and early adolescence, 
improves little or not at all after the age of 
eighteen. The peak of mental development, 


at least in the simpler, more m 
qualities, is therefore reached even before 
the physical prime of the individual has 
been attained. 


MATURITY AND AGING 


The human body does not remain at 
the peak of its powers for very long. A slow 
but steady decline is the general rule for the 
years after maximum efficiency is attained. 
Aging is a normal, not an abnormal process. 
It cannot be said to begin at any one time. 
Because the peak of development comes at 
different ages for different parts of the 
body, there is no one age of highest efficien- 
cy in every respect. f 

For example, the ability of the lens 0 
the eye to change its shape so as to focus on 
nearby objects declines steadily from baby- 
hood up to the age of fifty, after which y 
remains about the same. The thymus glan 


reaches its maximum size at ten to twelve 


years of : Then it rapidly diminishes in 
size, so that at the age of twenty it has only 
half the weight it possessed at its largest. It 
is actually degenerating while the reproduc- 
tive organs and the voluntary muscles are 
doing their most active growing. 


Muscular strength is greatest in the 


middle ar ite twenties, and an athlete is 
generally always) “old” at thirty. The 
muscles of the back relapse to the level of 
their power at twenty during the thirties. 
The bice} aches this level in the forties, 
the hand in the fifties. 


The bones, too, undergo progressive 


changes. ween the ages of twenty-five 
and thirt he bones of the skull make 
rapid advances toward complete fusion. 
Later, b show an increase in mineral 
matter and a decrease in fibrous organic 
matter. T become more brittle. Their 
power to regenerate and knit after a break 
is gradually impaired. But these changes 
are slow. Only after seventy does the atro- 
phy of the jaws produce a marked change in 
the face icularly after the teeth become 


loose in their sockets and fall out. 

__ The regulation of stable bodily condi- 
tions, such as body temperature and con- 
centration of sugar in the blood, becomes 
more difficult with the years. The colloids 
of the protoplasm lose their capacity to take 
up water. They become less stable and less 
reactive as they shrink. The healing of 
wounds is slower. At the age of fifty, 
wounds heal only half as fast as at twenty. 

The digestive organs show the effects 
of age, particularly in an increasing liability 
to various disorders. These include gastric 
ulcers, cancer, and the formation of gall- 
stones. The lungs do not appear to alter 
much with advancing age, except in elas- 
ticity. 

There is a lost of elastic tissue in the 
skin, which becomes thinner as the fat 
stored just beneath it is withdrawn. Folds 
and wrinkles appear. The hair becomes 
gray and sometimes falls out. The nails, 
especially the toenails, tend to thicken and 
become deformed as their rate of growth 
slows down. 

The reproductive organs have a 


rather 


t, Chokhonelidze, Fotokhronika/TASS j 
Some older people are noted for their longevity, or 
long lifespan. This man is 102 years old. He comes 
from Soviet Georgia—a region of longevity. 


definite span of activity. In women, meno- 
pause, which comes at thirty-eight to fifty 
years of age, brings to a definite end the 
capacity to bear children. Like puberty, this 
change is brought about by the hormones, 
most probably those of the pituitary and 
adrenal glands. In men, overall sexual ca- 
pacity probably declines from early maturi- 
ty on. 
The heart and blood vessels are most 
important in the matter of aging, because 
they are usually first to succumb. “A man is 
as old as his arteries.” Breakdown of the 
circulatory system causes only 14 per cent 
of the deaths between the ages of twenty 
and thirty-nine, but it is responsible for 
almost two thirds of all deaths after the age 
of sixty. Deposits of calcium in the heart 
and arteries, loss of elastic tissue, high 
blood pressure, heart strain, burst capillar- 
ies, blood clots, failure of circulation — 
these are the common steps in the process. 
Perhaps the brain and nervous system and 
the kidneys would hold out indefinitely if it 
were not for the failure of their elaborate 
circulations. j 

There is a steady decrease in the num- 
ber of taste buds as one grows older, and 
the sense of smell also declines. Hearing 


GROWTH, DEVELOPMENT, AND DECLINE 


357 


358 


above high C is impaired but below that it 
hardly changes at all, except in the really 
deaf. There is a lost of focusing power in 
the lens of the eye and a decline in the 
sharpness of marginal vision. In the brain 
and spinal cord, the white matter suffers 
more than the gray. 

The outstanding thing about aging is 
the tremendous variation between individu- 
als in its rapidity and its particular course. 
Long life runs in certain families. The genes 
undoubtedly play a big part in the later 
years, just as they do before birth and in 
infancy, childhood, and adolescence. Even 
in the same individual, many of the pro- 
cesses involved in aging appear to be quite 
independent of one another. The nervous 
system, the respiratory system, and the cir- 
culatory system may break down at dif- 
ferent periods. 

In almost all learning activities there is 
a slow decline in ability after the age of 
twenty, just as there is in physical skills and 
capacities. But if the factor of speed is elim- 
inated from intelligence tests, older persons 
do just about as well in them as younger 
ones. In particular skills, many persons 
over sixty, and even some over eighty, may 
actually surpass the average persons of 
their own sex in the prime of life. We 
should point out, however, that older per- 
sons generally hold their own in a subject 
only if it fits the established patterns and 
habits of their minds. 

Old age must be more moderate than 
youth, but it can also be rich and fruitful. 
That is why we should plan in our younger 
years those interests and activities that will 
keep us interested in the world around us 
at ninety. For when our interest in life is 
gone and only resignation is left, there will 
be little to keep us here. 


DEATH 


What we call death represents the 
breakdown of the complex chemical and 
physical processes that exist in every living 
thing. It marks the end of the interchange of 
substance between the living organism and 
its surroundings. It brings to a close, too, 
the constant outlay of energy that is charac- 
teristic of life. 


GROWTH, DEVELOPMENT, AND DECLINE 


Death is really gradua sudden. It 
is true that once a vital syst: ìs failed or 
an overwhelming shock h: sen experi- 
enced, in a few moments the ige done is 
irreparable. Yet certain tiss nay remain 
alive for a considerable pe: thereafter. 
For example, for a number hours after 
the death of a person, the st ing cornea 


of his eyes can be used in tr ints. 


Death may be prematu he lifespan 
may be shortened by such tors as the 
effects of war and peacetim cidents. It 
may be cut short, too, by d ë: 

It is true that medical s< e has made 
notable progress in the asing fight 


against the many ailments |! ive afflict- 


ed mankind, Consider the imunicable 
diseases whose names once ised dread: 
typhoid fever, cholera, ty; smallpox, 
diphtheria, yellow fever, a: verculosis, 
among others. They have | conquered, 
or at least held at bay. Nutr al diseases 
have been unmasked and d with: scur- 
vy, beriberi, and pellagra no longer 
be feared, if a proper diet c provided. 
Progress has been comp vely slow, 
however, in combating othe vases, such 
as those involving the heart. od vessels, 
and kidneys. The cancers, too. have defied 
the best efforts of leading scientists. These 
unconquered killers are like!y to strike at 
any age group, but they are the particular 
enemies of older people. 

Perhaps in another century or so, they 


too will be vanquished. Then, provided that 
he can escape the ravages of war, peace- 
time accidents, and other untoward de- 
velopments, the average baby will be able 
to live out the full term of the human hered- 
itary life span. Nobody knows how long 
this span really is. The Soviet scientist 
A. A. Bogomolets asserted that the average 
man should live to be 150, but he may have 
been unduly optimistic. The age of 80 may 
well become the average life span. We may 
possibly advance it somewhat beyond that 
mark. 

Yet in the end we must all die, and 
others will carry on. Perhaps new minds, 
new hands, new eyes will develop more 
effectively than we the potentialities that lie 
in the ultramicroscopic genes. 


OLD AGE 


by Helen Merrick 


w old along with me, the best is 


yet to be ` wrote the poet Robert Brown- 
ing. The idea of growing old gracefully has 
been v us for along time. Some men and 
womer ©chieve the feat, loved and honored 
by yc ‘er generations as well as their 
own. r too many others, however, old 
age is dreary, useless, and troubled by ill- 
ness. t we know today that the later 
years can be made rich and productive. 

Ors tool in this effort is geriatrics, the 
branch of medical science concerned with 
hume old age and its diseases. ‘*Geriat- 
rics” comes from two Greek words mean- 
ing “cid age” and ‘“‘healing.”” A broader 
term -o from the Greek—gerontology— 
is sometimes used. It means the study of 
physica! aging in general, not only in hu- 
man beings but also in other living 
creatures and in such nonliving substances 
as crystals. 


No one would deny that to make old 
age brighter is a worthwhile aim. There are 
other reasons, however, for the growing 
importance of geriatrics to society as a 
whole. In countries where the standard of 
living is high, more men and women than 
ever before are living to a ripe old age. In 
fact, in such countries as the United States, 
the elderly group is increasing more rapidly 
than any other. Two thousand years ago. in 
the Roman Empire, the average length of 
life was only 23 years, hardly past youth. In 
the United States around 1900, the average 
was 47, But consider how life expectancy 
has leaped within our own century. Today 
the U.S. average is over 73 years, à gain of 
about 28 years. The life expectancy is al- 
most eight years longer for women than for 
men. Since 1900, the total U.S. population 
has tripled. The age group 65 years and 
over has more than kept pace; it has 1m- 
creased from about 3 million persons to 
more than 25 million. The proportion of 
older persons will probably rise further in 
future years. 

The tremendous gain in life expectan- 


Joe Covello from Black Stor 


Older people are often troubled by feelings ot 
uselessness. But older people can be and are vital 
and useful members of the community. 


cy has come about largely because many of 
the hazards of childbirth and youth have 
been practically conquered. One-fifth of the 
babies born in the United States around 
1900 died before they were old enough to 
go to school. Today, if a child reaches his 
first birthday, he will almost surely reach 
high school age. Diseases that attack youth 
come for the most part from outside the 
body, carried by microorganisms. With the 
tremendous improvements in sanitation 
and medicine’s victories over many infec- 
tious illnesses, a much greater number of 
people are surviving into middle and old 
age. Medicine has still to win over the 
chronic diseases, which begin silently with- 
in the body and are a much greater threat in 
the later years. Some scientists believe that 
if human beings could enjoy complete free- 
dom from disease, the normal life-span 
would be more than 100 years. 

The profound shift in the population 
structure has far-reaching implications. The 
economic aspect alone has tremendous im- 
portance because so many elderly persons 
have not been able to support themselves. 
Despite retirement, old age assistance, 
welfare, and social security payments, old- 
er people have a difficult time maintain- 
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ing themselves in general. Few persons 
reaching 65 have enough savings to be fi- 
nancially independent. 


WHAT IS AGING? 


We begin to age from birth and even 
before. It is all very gradual. Youth does 
not depart and age arrive at the stroke of 
midnight on a particular date. The organs of 
the same person age at different rates. Fur- 
thermore, the rate of biological aging varies 
widely among different individuals. Some 
persons are able to ward off amazingly the 
effects of old age. Thus, in one study of old 
people without disease, comparatively little 
impairment of bodily organs was found al- 
though the subjects were a hundred and 
more years old. 

There is, however, a hazy dividing line 
on one side of which an organism is con- 
sidered young and on the other side of 
which changes appear that indicate aging. 
Throughout life, there is a building-up, or 
growth, and a breaking-down, or atrophy. 
going on in most tissues. Youth exists 
only while growth exceeds atrophy. 

Some living things appear to live indef- 
initely, as in the case of the one-celled orga- 
nisms, which, when they have grown to 
their maximum size, simply divide to form 
two new young individuals. In one experi- 
ment a single ameba went through two 
hundred successive divisions and was still 
multiplying merrily at the end of thirteen 
months. One of the Strangest facts of all is 
that under ideal conditions, living material 
that ordinarily would age and die will re- 
main young far past its usual span. The 
most famous experiment to prove this is the 
one begun by Dr. Alexis Carrel, of the 
Rockefeller Institute, in 1912. He took a bit 
of heart tissue from the embryo of a chick 
and placed it ina nourishing solution. Care 
was taken that the necessary kind of food, 
which was taken from other embryos, was 
provided regularly, waste was disposed of, 
and no bacteria contaminated the solution. 
From time to time the tissue was trimmed. 
It lived and grew until the experiment was 
deliberately ended in 1946, a period of thir- 
ty-four years, though the normal life span of 
a chicken is about fourteen years. 
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Employment and mental exerc e important to 
the physical and mental healt sider people, 
Activity helps keep the mind yo. 

All the symptoms « ing can be 
summed up as a gradual decline in the 
body’s powers of self-renewal. Gradually, 
bones lose their organic material, which is 
replaced by mineral matter. They become 
brittle and knit more slowly after a break. 
Tissues become drier as more fat seeps out 
of them. It becomes harder fo! the body to 
regulate its temperature and to maintain its 
chemical balance. The senses lose their 
keenness, although, except for some loss of 


focusing power, the eye is good for 125 
years. On the credit side of the ledger is the 
fact that the lungs and the digestive system 
alter comparatively little with age. 


HOW TO MEASURE AGING 


It is the heart and the blood vessels 
that first succumb to aging. In fact, break- 
downs in the circulatory system account for 
almost two thirds of the deaths after the agè 
of sixty. The course of such breakdowns 
usually begins with deposits of calcium ™ 
the heart and arteries, followed by loss i: 
elasticity in these organs, high blood pres 
Sure, heart strain, burst capillaries, bloot 
clots, and, finally, the failure of the cirous 
tion. The brain, nervous system, and ki t 
neys might hold out indefinitely were it n0 


for the ‘ailure of the complicated circula- 
tion the supplies them. This seems to bear 
out the « |) saying that a man is as old as his 
arteric.. Yet hardening of the arteries, or 
athero:: ‘crosis, alone, is too special a condi- 
tion tc as a general measure of physical 
age. 


D »hn H. Lawrence, of the Univer- 


sity of © alifornia, discovered what seems to 
be a beter measure—that a man is as old as 
his ab to get rid of nitrogen gas from the 
blood sea level, about 1,000 cubic cen- 
timete- of nitrogen gas are dissolved in the 
body ds of an adult. The total amount 
stays ke same, but the fluids constantly 
elimin: ic the nitrogen molecules they have 
and take in new ones during breathing. In 
his experiments, Dr. Lawrence had a group 
of pe of all ages inhale small quantities 


of ra ctive nitrogen as tracer material. 
He thes determined how fast the subjects 
elimin..icd nitrogen by collecting the gases 
breath out and counting the tagged nitro- 
gen atoms with a Geiger counter. Young- 
sters ©: 15 eliminated half the gas in a few 
minutes, while persons 65 or older took as 


long as five hours. Another indication that 
nitroven-elimination rate is a measure of 
physical fitness was shown by the fact that 
subjects in poor physical condition had ab- 


normally slow turnover rates. 
WHAT CAUSES AGING? 


What aging does is fairly self-evident, 
but the reason (or reasons) for the decline 
still eludes us. Among the many theories 
attempting to explain the causes of aging 
are several based on genes, the hereditary 
elements on the chromosomes that affect 
particular traits. Since it is the genes that 
direct the formation of proteins in the body, 
some researchers believe that cumulative 
mistakes in the formation of proteins result 
in the death of cells. Another theory holds 
that the cells of the body gradually mutate. 
The duplication of these changed cells 
leads to an accumulation of cells that can- 
not function properly, causing the body to 
deteriorate. Still another theory proposes 
that an individual’s life-span 1s essentially 
predetermined by that individual’s heredi- 
tary makeup. 


Many biologists suspect that enzymes 
have much to do with the aging process. 
Enzymes are exceedingly complex mole- 
cules. They are largely built up out of vita- 
mins and minerals, and they act as catalysts 
in the various chemical processes of the 
body. That is, they must be present for the 
chemical reactions to take place, though 
the enzymes themselves remain little 
changed or not at all. Without enzymes, no 
vital process can continue. Consequently, 
reduction or destruction of enzymes or a 
loss in their power could account for the 
symptoms of aging. The little work that has 
been done along these lines so far does in- 
dicate that with age the efficiency of the 
enzymes decreases. However, most of the 
research on enzymes has been concerned 
with identifying them in various chemical 
reactions and with studying how they 
work. Discovery of how enzymes change 
with age therefore would seem to offer pi- 
oneering opportunities to scientists. 

The foregoing ties in closely with what 
has been learned about nutrition in relation 
to later years. Nutrition experts are inter- 
ested in learning how well food (including 
oxygen and water) is absorbed and used by 
the body, as well as the kind and amount of 
food consumed. They believe that what we 
eat is closely related to the rate at which we 
age. 
By the time many persons reach the 
age of 60, their bodies are poor in calcium, 
iron, protein, vitamin A, and the B vita- 
mins, and these deficiencies have been built 
up over years. Calcium alone is a sort of 
jack-of-all-trades in the body. It is essential 
to bones and teeth, in heart action, and 
blood clotting. If the blood does not get all 
the calcium it needs from food, the blood 
takes what it needs from bones until they 
become as brittle as toothpicks. Anemia re- 
sults, with a loss of muscular strength and 
lowered resistance to infections, if the body 
does not get enough protein. Without iron, 
the blood cannot carry life-sustaining oxy- 
gen to the tissues. 

THIN RATS VERSUS FAT RATS 


The foods the older person does not 
need so much of are sugars and starches 
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Margot Fuld, from eikefat 
Although strenuous physical activity is probably 
unwise, light or moderate activity is beneficial to 
older people. 


and fats. Cake and candy and gravy merely 
add kilograms of fatty tissue that must be 
supplied by extra blood vessels, adding 
undue strain to the circulatory system. As 
the famous experiments on rats conducted 
by Dr. C. M. McCay, at Cornell Universi- 
ty, proved, the “thin rats bury the fat rats.” 
Ordinarily, a rat reaches full growth at four 
months, is elderly at two years, and dies 
before three. By feeding a group of rats a 
diet that was low in calories but had enough 
vitamins and minerals, the period of growth 
was extended from four months to as long 
as 1,000 days. In one experiment, the last 
senile survivor of a group receiving the 
usual kind of food died at 965 days, though 
at the same age the animals with a low- 
calorie diet were still bright young ado- 
lescents. Their whole life span was the 
equivalent of a human life span of from 
100 to 150 years, and they were seldom 
diseased and were much more energetic 
in every way than their brothers on the 
usual diet. 

Overweight in later years carries other 
penalties. In addition to the strain on the 
circulatory system, it is associated with gall- 
bladder disturbances, hernias, and diabetes. 
In fact, 80 per cent of the cases of diabetes 
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in adults are connected with overweight, 
What, then, is a good «ict for the later 
years? In general, it shoul: lude a high 


level of proteins, a low leve! of fats, only a 


moderate amount of sugars and starches, 
and higher than average amount of minerals 
and vitamins. In terms of breakfast, lunch 
and dinner, this means: eat ity of vege- 
tables, fruits, lean meats. fsh, cottage 
cheese, and eggs; eat lightly sereals, fats, 
and sweetened fruits; shun concentrated 


sweets and alcoholic beverages. Drink 


some milk. However, ordi milk con- 
tains considerable fat and other undesirable 
ingredients for older peo; and now a 
“geriatric special milk” that high in pro- 
tein, low in fat, and rich in calcium, iron, 


vitamins, and other wanted materials is 


available. 


As we said earlier, there |» still tremen- 
dous variation among indivicii«!s in the rate 
at which they age and the ~ urse aging 
takes. No two persons who have lived a 
century or more ever give the same recipe 
for longevity. So we cannot get away from 
the fact that some persons inherit stronger 
constitutions than others. Long life runs in 


certain families. At the same 1 
of the chronic illnesses that : 
were detected early, they could 
brought under control if not 
the diseases that are more i 
youth, which are of short duration, the 
chronic diseases, as the name implies, are 
lingering and often result in complete inva- 
lidism. The best safeguards against them 
are thorough periodic examinations, even 
when the person feels well. 


AGING AND HUMAN MINDS 


la 


Aging affects the mind as well as the 
body. There seems to be a very slow ee 
cline in learning activities after the age 0 
twenty —at least the speed of learning de- 
creases. But if the factor of speed is re- 
moved from intelligence tests, older per- 
sons do as well as younger ones, with one 
important exception. This is that any ties 
that is entirely strange or that upsets estal n 
lished habits is likely to be far more difen 
for the elderly. Perception has pea 
slower and the mind cannot unlearn O 


ways as easily as when it was younger. 
However, because of the greater grasp 
gained through experience, many persons 
past sixty, and even some over eighty, ac- 
tually surpass in particular skills or capaci- 
ties the average person of their own sex in 
the prime of life. The skills that are kept in 
practice do not decline like those left unex- 
ercised. Verdi composed ‘‘Falstaff” at the 
age of 80. Oliver Wendell Holmes was in 
service on the Supreme Court bench at 90. 
Titian painted “Christ Crowned with 
Thorns” at 95. Granted that these were ex- 
ceptional men, it is still true that years 
alone need not dull the highest powers of 
the human organism. 

It follows that for society to discard 
the skills of men and women just because 
they have reached a certain birthday is a 
tremendous waste of assets. It is also a 
tragedy for many of the workers them- 
selves, not only from an economic stand- 
point but also because it is a symbol of the 
end of independence and purpose in life. 
Many of these people later become truly 
unemployable simply because they have 
not been employed. 

What needs to be done is to judge the 
worker on the basis of health, ability to 
produce, emotional attitudes, and personal- 
ity, and not on his calendar age. Aptitude 
tests for those over sixty have been sug- 
gested, as have factories especially built for 
older workers who may have a slower reac- 
tion time and less stamina but perhaps more 
patience, 


VALUE PLACED ON MATURITY 


From the days of the pioneers in North 
America, the highest value has been set on 
the period of youthful vigor. We must 
change this attitude and place greater value 
on maturity if we are to cope effectively 
with the economic problems of the aged. 

Interwoven with the basic | require- 
ments of good health and economic securi- 
ty for satisfactory later years are many 
other considerations. Older people need 
Opportunities for play as well as work. 
They need to give affection and have it re- 
turned just as much as younger human 
beings do. Nor does the creative urge less- 


en with age. In fact, there is no better insur- 
ance against boredom in old age than to 
have acquired an avocation or a hobby in 
youth or middle age. Many communities 
are meeting the need for recreational activi- 
ties by developing special clubs for the 
aged. A typical center of this sort is self- 
governed and is open all day, The members 
work at various arts and crafts, chat togeth- 
er, edit their own magazine, and plan 
monthly birthday parties and other enter- 
tainments. Many older persons have found 
new interests, and often new friends of their 
own age, in adult-education classes, Special 
housing projects for the aged have also 
been developed. 

In this article we have been able to 
touch on only a few of the many aspects of 
geriatrics. Questions have been raised that 
perhaps only years of research can answer, 
Nevertheless, since so many of us today 
can look forward to a long life, it is reassur- 
ing to know that science has brought up its 
big guns and is using them in the battle for 
healthy, active later years. 


The aged face many problems in a society still 
largely youth oriented. However, they often are 
able to organize effective pressure groups. 
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HEALTH—AN INTRODUC?7'ON 


What is health? The World Health 
Organization of the United Nations de- 
scribes health as “a state of complete physi- 
cal, mental, and social well-being, not 
merely the absence of disease or infirmity.” 
Perhaps this description is not realistic; 
after all, people are not a race of super 
beings. 

A far more realistic definition of health 
is provided by the Joint Committee on 
Health Problems in Education of the U.S. 
National Educational Association and the 
American Medical Association. According 
to the Joint Committee, health is “a condi- 
tion in which the individual is able to mobi- 
lize all of his resources — intellectual, emo- 
tional and physical— for optimum living.” 
What is referred to here is the best possible 
use of one’s assets, however great or small 
they may be. This is a definition that can 
apply to the great majority of individuals. It 
will hold for particularly favored individu- 
als, for those of average or less-than-aver- 


This teen is starting a program of exercise and 
weight control. It is important to start good health 
habits early in life. 
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abilities. 

GUIDELINES FOR THE INC 


To a considerable exte 
al is responsible for his o 
must establish a definite patt 
living if he is to maintain a s 
of well-being. There are so 
lines to follow to reach anc 
level: 

Schedule regular visits 
cian and dentist. They arc 
you feel fine. The frequenc 
pends on the individual's a; 
State of health. 

Keep in tune with your | 
ize yourself with the warni 
ness and seek medical attenti 
you should become ill. Follo 
structions carefully, and be 
adequate time for recovery | 

Eat a diet that provide: 
ance of proteins, carbohyd: 
This will give you the ene: 
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our physi- 
l—even if 
| visits de- 
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Familiar- 
igns of ill- 
romptly if 
nedical in- 
> to allow 
llness. 
roper bal- 
, and fats. 

vitamins, 


and minerals that you need for daily activi- 
ties. 

Maintain proper weight for your age 
and bod build. If you need to change your 
weight your doctor for a diet plan. 
Avoid crash or fad diets. 


Exercise regularly. Muscles are meant 


to be t Develop an exercise program 
and sta th it. For many people, participa- 
tion in « sport—alone, in pairs, or in a large 
group - vides needed exercise as well as 
enjoym ind an opportunity to develop 
persona! relationships. 

Obtain sufficient sleep and rest. Indi- 
vidual y in their need for sleep, with 
most a averaging about seven or eight 
hours | right. 

Avoid situations that can lead to per- 
sonal injury and obey all safety regulations. 

Le what to do if an emergency aris- 
es. Care/ul and prompt attention in a emer- 
gency ation is extremely important in 
saving | ves and preventing serious or per- 
manent injury. 


__ Try to develop a positive outlook on 
life. A rewarding career, meaningful rela- 
tionships with other people, time for cul- 


a 
Universal/Lactona, o division of Warner. Lambert Company 
Dental checkups should never be neglected. 


Healthy teeth are essential to proper digestion and 
important in maintaining an attractive appearance. 


tural and recreational activities — these fac- 
tors and others are important for most peo- 
ple in maintaining a healthy mental out- 
look—which is essential for health. 

Try to learn how to deal with stress. 


azardous material. It is the community's responsibili- 


Left: this roofer is using ah 


ty to alert him to the danger and establish guidelines for the use of such materi- 


als. Below: a woman receiving a blood 


pressure checkup. Regular checkups are 


n Cancer Soceity 


very important in maintaining health. 
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N 
\ Fresh Pow. 


Perkin-Elmer Corp., Norwalk, Conn. 
Clean water is necessary for good health. Since the 
individual usually does not have the means to en- 
sure clean water, the community must supervise 
water supplies, 


FRESH 


Some stress is a part of everyday life, but 
certain situations — family, school, or work 
problems —can increase stress. It has been 
shown that stress has marked effects on the 
body as well as on the mind, If you have a 
problem that you cannot cope with, seek 
professional advice. 

Avoid self medication. Use over-the- 
counter drugs sparingly and prescription 
drugs only under a physician’s supervision. 

Stop smoking. There is overwhelming 
Statistical evidence that smoking, particu- 
larly cigarette smoking, is dangerous — of- 
tens seriously dangerous—to health. 

Use alcohol, if at all, in moderation. 
Recognize that it is a drug. If you develop a 
problem with the use of alcohol, seek pro- 
fessional help immediately. 


COMMUNITY RESPONSIBILITIES 


In various instances, communities — 
local, regional, and national — must play a 
role in safeguarding the health of commu- 
nity members. This is particularly true in 
more or less crowded areas and in areas 
where people are less self-sufficient and 
more specialized in their activities, 
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In rural areas, to cite a familiar exam- 


ple, abundant supplies of f r are gen- 
erally available to all. But what is the city 
dweller to do when the available air supply 
is polluted by chimneys belching smoke 
and by streams of automobiles emitting 
harmful gases through their exhaust pipes? 
Steps will have to be taken by the commu- 
nity to stop or at least contro! the outpour- 
ing of smoke from chimneys and to devise 
methods for preventing harn'ul automo- 
bile-exhaust gases from pollu the atmo- 
sphere. Again, in modern cit ing, water 
supply and waste disposal ca be left to 
the individual. Water must rought in, 
sometimes from many kilometers away. 
The community must pro\ effective 
sewage disposal and garbave collection, 


Housing facilities must be ax ite, 


Various other community services are 
required. Adequate food and milk supplies 
must be assured; there must be competent 
inspection of these supplies > commu- 
nity must be policed in order to insure per- 
sonal safety. Traffic laws must be enforced, 
and industry monitored so that workers are 
not exposed to undue hazards R 

The community must also provide 
hospitals and clinics. At-home care and 
mobile health units are also often essential. 

An all-important duty of the commu- 
nity is to provide health education. 
Many communities help educate the public 
and maintain health by providing mobile 
units that visit schools and neighborhoods 


informing people of the warning signs of 
certain common diseases and providing 
free tests for these diseases. 

Vaccination programs are also a com- 
munity responsibility. Vaccines against 
many of the diseases that once caused 
much death and disability are now avail- 
able. In many countries, vaccinations 
against specific diseases are required for all 
children entering school and for people 
traveling to countries where certain diseas- 
es are endemic. ; 

These are but a few of the areas in 
which the community must play a role in 
health. For more information about com- 
munity activities, contact your local, re- 
gional, and national health agencies. 


VITAMINS 


In the Əs, Scots surgeon 
James \d treated sailors 
suffer rom scurvy. His 
cure- juice of citrus 
fruits er, it was found 
that v n C prevented the 
diseas This vitamin is 
found itrus fruits. 

diet consisting entirely of the so- 
calle’ primary food substances —carbohy- 
dra proteins, fats, inorganic salts, and 
wal would provide us with ample stores 
of energy and would build abundant body 


tissuc. Yet by itself such a diet would be 
altogether inadequate. Any human being 
foll ng it for any length of time would 
inevitably sicken and die. 

© assure good health, the diet must 
also include a certain number of accessory, 
or additional, factors called vitamins. They 
promote necessary chemical reactions in 
the body, when present in small quantities. 
Only minute quantities of vitamins are 
necessary to keep the body in good health. 
Mistakenly, however, many people believe 
that twice the quantity of vitamins will 
make them twice as healthy. 


DEFICIENCY AND DISEASE 


Many diseases, including beriberi, 
scurvy, night blindness, and pellagra, are 
now known to be caused by lack of these 
essential food factors. As a matter of fact, 
people realized long ago that certain defi- 
ciencies in the diet can bring about disease. 
They knew, for example, that when fresh 
fruits and vegetables were lacking on long 


sea voyages, sailors contracted the danger- 
ous disease known as scurvy. This disease 
could not be cured until fresh fruits or vege- 
tables were once more available. 

Many people confirmed this during the 
17th and 18th centuries. Among them in the 
1750s was a Scots physician, James Lind, 
who showed that a person could prevent 
scurvy by drinking lime juice. After years 
of prodding, Lind finally persuaded the 
British Admiralty, in 1795, to add lime 
juice to sailors’ rations. Thereafter British 
ships carried ample supplies of the juice on 
long voyages. 

A pioneer in the study of the vitamins 
was the Dutch physician Christiaan Eijk- 
man. While stationed in the Netherlands In- 
dies (now Indonesia), he studied the disease 
called beriberi, which attacks the nervous 
system and often causes death, In 1897, he 
announced that he had produced a crippling 
disease, closely resembling beriberi, in 
chickens and pigeons by feeding them pol- 
ished rice, which is rice from which the 
outer coat has been removed. 

Later he had cured the birds by putting 
them on a diet of rice bran. He came to the 
conclusion that beriberi was caused, not by 
some harmful germ, but by something that 
was lacking in the diet. We know today 
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that this “something” was one of the vita- 
mins: thiamine, or vitamin B,. 

In 1906, the British nutritionist Sir 
Frederick Gowland Hopkins showed that 
when rats were fed a special diet, they 
needed certain substances found in milk 
solids in order to remain healthy. Hopkins 
gave the term “accessory factors” to these 
substances, whose nature was unknown. 


A FACTOR IN FOOD 


In 1912 the Polish chemist Casimir 
Funk recognized the antiberiberi factor in 
rice husks. He called it a “vitamine” 
because it was an “amine necessary for 
life.” (“Life” is vita in Latin.) The name 
“vitamine” came to be applied to many 
accessory food factors. After it had been 
discovered that not all of them were 
amines, the “e” in vitamine was dropped. 

For several years, only two accessory 
food factors were recognized: the fat-solu- 
ble vitamin A, which cured certain eye dis- 
eases, and the water-soluble vitamin B, 
which prevented beriberi. Later, another 
factor was added: vitamin C, which pre- 
vented scurvy. 

As time went on, researchers came to 
realize that the accessory food factor called 
vitamin B was really not a single substance 
but a group of vitamins. These came to be 
known as the B vitamins, or the B complex. 
To identify the separate vitamins of the B 
complex as they were isolated, subscripts 
were then added, such as B,, B,, up to Big. 
The list of vitamins continued to grow, and 
other letters of the alphabet were assigned 
to them. In the course of time, it was recog- 
nized that some of the newly discovered 
vitamins were really identical with acces- 
sory factors that had already been isolated 
and described. Other supposed “vitamins,” 
such as choline and inositol, came to be 
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Far left t suffering from 
xerophtha a disease of 
the conju a and cornea 
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The Upjohn Laborotories 
regarded as body-building ials rather 
than as accessory facto articularly 
because they are needed | he body in 
such large quantities. 

In recent years, the tendency has been 
to assign chemical names ra than letters 
of the alphabet to the vit s. For in- 
stance, nutritionists genera er to B, as 


thiamine and to B, as rib 1. In some 


cases the letters formerly « ied to vita- 
mins have been dropped ely: biotin 
has been substituted for v 1 H; folic 
acid for vitamin M. There wi!! probably be 
other changes in vitamin nai 

In order to inform the p about the 
daily amount of vitamins (! s required 
for good health, the U.S. National Acad- 
emy of Sciences has made specific recom- 
mendations. These are known as Recom- 
mended Dietary Allowances (RDA). The 
RDA’s are given in milligrams (1/1000 of 
a gram), in micrograms (1/1! .000,000 of a 
gram), and in International Units (1.U.), 


which is 1/40 of a microgram. As you can 
see, the RDA’s are very small: for example, 
a milligram is only 0.00003 ounce. RDA’S 
are frequently listed on food cartons and 
vitamin-pill bottles. 


VITAMIN A 


There are really several vitamins A. 
The best known are retinol, from animal 
tissue, and carotene, from plant tissue. 
Carotene is actually a previtamin; it 1$ 
converted to vitamin A in the small intes- 
tine. Each molecule of vitamin A contains 
twenty atoms of carbon, thirty of hydro- 
gen, and one of oxygen, or, as a chemist 
would write it, C,,H,,O. This accessory 
food factor is stored in the liver. h 

Vitamin A is necessary for the grow! 
and health of human beings. It is require 
for the proper functioning of the epithelia 


cells—ihe ones that cover the surface of 
the bi and that line its cavities. If vita- 
min Á missing from the diet, a serious 


lack itality develops. Also, epithelial 
cells b>come thick and drop off. The con- 
ditior retimes occurs in the epithelial 
cells he conjunctiva—the mucous mem- 
brane “wing the inner surface of the eyelid 
and covering the forepart of the eyeball. 
This ¢ lead to the disease called xeroph- 
thal nd in extreme cases may cause 
blind 
i ı experiment carried out by the 
US ional Cancer Institute in 1979, 
vitan A was linked even closer to prob- 
lems ve skin. It was shown that the most 
seve! nd scarring form of acne was 
clear ip by treatment with a synthetic 
vari: of vitamin A. 
k of vitamin A in the diet may also 
lead ieht blindness —inability of the eye 
to adjust itself to dim light. For example, if 


anormal person is driving at night, he sees 
stretch of road after the headlights of 


a wic 

a car coming from the opposite direction 
have passed him. Under similar conditions, 
a person deficient in vitamin A will be bare- 


ly abie to see a meter or so ahead. 

‘amin A along with vitamins D, E, 
and K are stored in the body fat and do not 
» in water. They are not eliminated 
body, as in the case of vitamins 


Among the best natural sources of vi- 
tamin A are fish-liver oil, butter, and the 
liver fat of many animals. Fruits and vege- 
tables do not contain vitamin A. Carrots, 
Squash, sweet potatoes, pumpkins, apri- 
cots, spinach, tomatoes, prunes, canta- 
loupes, bananas, peaches, and greens yield 
carotenes. 

The RDA for vitamin A for a normal 
adult is 5,000 International Units (1.U.), 
which is a very small amount. Children re- 
quire less, and pregnant and nursing women 
require somewhat more. S 

In most cases, vitamin-A deficiency 
is not caused by faulty diet. It may come 
about when the body is unable to absorb 
the vitamin in adequate quantities as a re- 
sult of such diseases or conditions as chron- 
ic diarrhea, prematurity at birth, and exces- 


sive use of mineral oil. In all such cases, 
large doses of the vitamin must be given in 
order to restore bodily tissues and to build 
up adequate stores of the vitamin. 

Too much vitamin A causes headache, 
nausea, and irritability. More severe ail- 
ments caused by excess vitamin A include 
growth retardation in children, enlargment 
of the liver and spleen, loss of hair, rheu- 
matic pain, and disturbance of the men- 
strual cycle. 


B COMPLEX 


The B vitamins, or B complex, are a 
group of water-soluble substances which 
have certain functions in common but 
which are not related chemically. These 
vitamins are often found together in food- 
stuffs, The members of the group are thia- 
mine (vitamin B,), riboflavin (vitamin B,), 
niacin (nicotinic acid), pyridoxine (vitamin 
B,), pantothenic acid, biotin, folic acid, and 
vitamin B,,(cyanocobalamin, the antiperni- 
cious-anemia factor). 


Top: a person with night blindness, a vitamin A-de- 
ficiency disease, can see only a short distance of 
road in front of him. Bottom: the normal individ- 
ual can see a far greater stretch of road in front of 
him. Obviously, the deficient individual is endan- 
gering his health in more ways than one. 
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THIAMINE 


Thiamine, or B, (C,,H,,CI,N,OS), is a 
crystalline compound with a yeastlike odor. 
This vitamin is stored in the liver and heart 
and, to a lesser extent, in the kidney and 
brain. 

Thiamine is required for normal diges- 
tion. It is a requirement for growth and 
normal functioning of nerve tissue and for 
normal fertility and lactation in women. 

Beriberi, a disease of the nervous sys- 
tem, is the result of thiamine deficiency. 
There is accompanying loss of appetite, fa- 
tigue, wasting away of the muscles, diges- 
tive disturbances, poor assimilation of 
food, and loss of weight. In serious cases, 
paralysis may set in and death may result 
from its lack, 

Other deficiency symptoms are pains 
in the legs, body swelling, heart problems, 
and growth retardation. 

Thiamine deficiency is especially prev- 
alent in the Far East because polished rice 
makes up so large a part of the diet in that 
area. The deficiency is not particularly seri- 
ous in the United States, Canada, and Eu- 
Tope, except among those who drink too 
much liquor, indulge in food fads, or eat 
poorly prepared foods. Dysentery and vari- 
ous other diseases of the digestive system 
may interfere with the absorption of thia- 
mine and may thus bring about a Serious 
deficiency of the vitamin. 

Rice bran and wheat germ are particu- 
larly rich in thiamine. A diet containing 
large amounts of unpolished rice or whole 
wheat bread should furnish adequate quan- 
tities. Oatmeal, peas, beans, peanuts, and 


VITAMINS 


Left y showing an 


enlar eart due to thi- 
amin iciency, Right: 
after veeks of treat- 
= ment hiamine, there 
3 isan i reduction in 

le heart 

Henry 
lean pork are also good al sources, 
Most unprocessed foods h as whole 
wheat, brown sugar, and n rice con- 
tain all the thiamine and i vitamin B’s 

that the body can use. , 

Some people claim consuming 
large doses of vitamin B, į nts mosqui- 
toes from biting them. The no evidence 
for this, however. This i may come 


from the fact that individu: ing from 
severe reactions to mosqu es may get 
relief from doses of vitami 

The minimum daily nine allow- 
ance of the normal adult i! milligrams. 
In serious deficiency, a dc f up to 100 
milligrams daily may be pre ved. 
RIBOFLAVIN 

The vitamin called riboñavin, or vita- 
min B, (C,,H,,N,O,), forms part of a ver 
low enzyme that is found in every living ce 
and that has to do with cel! respiration. 


Reserves of the vitamin may be accumu- 
lated in the liver and kidney, but these re- 
Serves are quickly used up. Among the 
chief sources of the vitamin are eggs, liver, 
the legumes, tomatoes, and various fruits. 

Deficiency in riboflavin affects growth. 
It also leads to splitting of the skin aroun 
the mouth, swelling of the tongue, im- 
pairment of vision, and dermatitis, a skin 
disorder. The recommended daily allow- 
ance for adults is 1.7 milligrams. : f 

A diet deficient in riboflavin is aim 
always deficient in other B vitamins as well- 
The treatment for the deficiency, therefore, 
calls for a sizable dose of ribana 
(10-20 milligrams daily), supplemented bY 
all the other B vitamins. 


NIACIN 


The enzyme system concerned with 


the transportation of hydrogen in living 
cells contains the vitamin niacin, or nicotin- 
ic acid, \,.H,NO,) and the derivative niaci- 
namide (C,H,N,O), which performs the 
same functions as niacin, Niacin has been 
known to chemists for over a hundred 
years. 1t was first prepared in 1867 by treat- 
ing nicoline with nitric acid. The resulting 
comy d was called nicotinic acid. It was 
not unti! 1937 that it was discovered that 
this £ s a vitamin and that deficiency in 
the s tance leads to the disease called 
pella Thereafter the vitamin was called 
niacii more sales-oriented name than 
nicoti acid. 

I niacin-deficiency disease pella- 
gra s particularly common in Italy, 
Spain, Rumania, and the southern United 
States, among people who lived on white 
flour, white sugar, white rice, corn grits, 
and pork fat. Pellagra is characterized by 
redness of the skin, soreness of the mouth, 


loss of weight, diarrhea, and mental dis- 


orders. If it is not treated in time, it may 
result in insanity and death. This picture 
has been changed through education. 
People in these areas now eat enriched 
flour and cereal, whole wheat flour, and 


peanut butter. 

Niacin is found in such natural sub- 
stances as red meats, liver, yeast, milk, 
eggs, wheat germ, peanuts, peas, and beans. 
Niacin and niacinamide are produced syn- 
thetically and placed in enriched foods. 
They are also sold as pills. l 

It is believed that the daily niacin need 
increases with the number of calories con- 
sumed. For normal adults, this amounts to 
about five milligrams per 1,000 calories. 
People engaged in normal activity in a tem- 
perate climate would require up to 19 milli- 
grams daily. 

It may be necessary to give as much as 
500 milligrams of niacin or niacinamide 
daily in treating lesions—breaks in the 
skin—due to pellagra. Generally, when 
niacin is given to patients, there is a notice- 
able improvement in their condition within 
twenty four hours. Another source of 


niacin comes indirectly from fish. For 
example, a 250-gram portion of fish con- 
tains about 450 milligrams of tryptophan, 
an essential amino acid. The body then con- 
verts the tryptophan to about 7.5 milli- 
grams of niacin. 


PYRIDOXINE 


Pyridoxine, or vitamin B,, is a group 
of compounds composed of pyridoxol 
(C,H,,NO,), pyridoxal (C,H,NO,), and 
pyridoxamine (C,H,,N,O,). The compound 
known as pyridoxine hydrochloride is 
C,H,,CINO,. Vitamin B, is closely asso- 
ciated with thiamine, riboflavin, and niacin 
in nature. 

It is believed that pyridoxine has to do 
with the maintenance of the normal state 
of the skin, nerve functions, and growth. It 
is essential for amino acid metabolism. The 
daily requirement of the vitamin is two mil- 
ligrams, with larger quantities necessary 
during pregnancy. Pyridoxine is also help- 
ful in the treatment of radiation sickness 
and the nausea and vomiting of pregnancy. 


Top: this rat has severe riboflavin deficiency. Its 
growth has been retarded and it is suffering from 
dermatitis, an irritation and inflammation of the 
skin. Bottom: after two months of treatment with 
riboflavin, the rat shows no sign of its original de- 
ficiency. Growth has resumed, and the sores on the 


skin have cleared. 
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Josef Warkony 
Left: stained skeleton of a normal newborn rat. 
Right: similarly prepared newborn rat, showing 
signs of abnormal prenatal development. The ab- 
normal rat's mother was riboflavin-deficient. Note 
the bone malformations. 


Vitamin B, is abundant in liver, eggs, yeast, 
and numerous other common foods. 

In 1978, the American Journal of Psy- 
chiatry published the results of a Strictly 
controlled study of the treatment of autistic 
children with large doses of vitamin B,. The 
vitamin improved the condition of 11 of the 
15 children. (Autism is a severe mental dis- 
order that prevents a child from reacting to 
its environment.) 


PANTOTHENIC ACID 


Pantothenic acid (C,H,,NO,) is found 
in all living tissues. (Pantothen means 
“from everywhere” in Greek.) This vitamin 
forms part of co-enzyme A, which enters 
into a great many necessary chemical re- 
actions in the body. 

If animals are deprived of this vitamin, 
they fail to grow, their hair changes color, 
and there are breaks in the skin. In extreme 
cases, the hind legs may become paralyzed 
and death may take place suddenly. Diets 
enriched with pantothenic acid have greatly 
increased the life Span of experimental 
animals. 

An adequate amount of pantothenic 
acid is provided in unprocessed foods. Pan- 
tothenic acid is also synthesized by intesti- 
nal bacteria. Deficiency of pantothenic acid 
in human beings on a normal diet is not 
seen. If humans are placed on an artificial 
diet that does not contain pantothenic acid, 
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headache, fatigue, poor iscle control, 
cramps, and nausea will appear, 

It is not known how + pantothenic 
acid human beings need ir daily diet, 
When the vitamin is given other acces- 
sory food factors in trea dietary defi- 
ciency, the dosage is gene:sily ten milli- 
grams of calcium pantothe 

Liver, yeast, eggs, n dairy prod- 
ucts, molasses, broccoli, ano ‘ruits are im- 
portant sources of panto! c acid. The 
richest known source is ro elly, the food 
fed to the queen bee by w« bees. 
BIOTIN 

In 1916, it was discove. vd that if ani- 
mals were fed a diet of eg; te, they lost 
weight and developed al nal posture 
and gait. If the diet was co) ied for any 
length of time, they died. Somewhat later, 
researchers found that cer: foods con- 
tain a substance that counievacts the poi- 
sonous effects of egg white was learned 
in 1931 that people also nee. the anti-egg- 
white factor. It was named ©» {amin H. 

Vitamin H was isola for the first 
time in 1940. It was found te be identical 
with biotin, a substance tha’ ‘sad been rec- 
ognized in 1935 and that fad been de- 
scribed as necessary for the growth of 
yeast. Thereafter the name /ivrin replaced 


vitamin H. Feodor Lynen of Germany re- 
ceived the Nobel Prize in Physiology and 
Medicine in 1964 because, among other 
things, he showed the part piayed by biotin 
in the metabolism of fatty acids. a 

Biotin (C,,H,,N,O,S) occurs widely 
in foods and is also synthesized by bac 
teria in the intestine. It is so potent ae 
only infinitesimal quantities are needed. 
The daily human requirement is not known. 
However, biotin deficiency is not likely n 
occur even in greatly restricted diets h 
do not include egg white. Of course, if & 
Person went on a diet made up to a large 
extent of raw eggs, he would be inviting 
trouble. 

The late U.S. nutritionist Norm 
Jolliffe told about an Italian laborer wiog 
diet consisted chiefly of raw eggs (six doz 4 
weekly), washed down by quantities Pa 
wine. For years he had suffered from re 
matitis and conjunctivitis, and the doc 


consulted had not been able to help 
was soon restored to health after 
oped eating raw eggs and adopted 
varied diet, supplemented with 


injections of a biotin derivative. 
FOLIC ACID 

ic acid, or pteroylglutamic acid, 
(Cy ,O,) received its name because it 


was first detected in leafy vegetables. (The 
Latin word for “leaf” is folium.) Folic acid 
is found not only in leafy vegetables but 
also in mushrooms, yeast, liver, kidneys 


and fresh fruits. 
Folic-acid deficiency in people results 


: red-blood cells showing anemia due to folic 
iciency. The cells are fewer in number and 
yan would normally be the case. They are 
gular in shape. The mottled cell is a leuko- 
cyte, Bottom: after treatment with folic acid, the 
blood cells have become normal in size and shape 
and are now much more numerous. 

Carl V. Moore 


in the failure of bone-marrow elements to 
form mature red blood cells, bringing about 
a variety of anemias. The vitamin is so 
widely distributed in foods that even a re- 
stricted diet generally supplies an adequate 
amount. A serious deficiency may occur, 
however, as a result of diseases of the 
digestive system. The body may not be able 
to utilize properly the folic acid derived 
from the diet. 

The daily requirement of folic acid is 
about 50 micrograms for the average adult. 
The vitamin is given to undernourished pa- 
tients suffering from severe diseases, burns, 
radiation injury, or fractures. Folic acid is 
also used in the treatment of various ane- 
mias. It is particularly effective in the pre- 
vention and cure of sprue, a tropical defi- 
ciency disease, whose symptoms are ane- 
mia and acute diarrhea. Folic acid must be 
supplemented with vitamin B,, whenever 
pernicious anemia is present or suspected, 


VITAMIN B,, 


Until the 1920s, one of the most 
dreaded of all diseases was pernicious 
anemia. This malady, which is caused by a 
decreased rate of formation of red blood 
cells in the bone marrow, was invariably 
fatal. Patients seldom lived more than 
three years after the first symptoms set in. 
In the year 1926, George R. Minot and 
William P. Murphy of the Harvard Medical 
School brought about a revolution in the 
treatment of pernicious anemia by putting 
sufferers from the disease on a liver diet. 
Apparently this food contained some un- 
known factor that helped bring about the 
normal formation of red blood cells. Those 
suffering from pernicious anemia could now 
look forward to a normal span of life if they 
followed the liver diet thus prescribed. 

It was not until 1948 that U.S. and 
British scientists succeeded in isolating the 
anti-pernicious-anemia factor. It turned out 
to be a compound of cobalt. It was given 
the name of vitamin B,,, or cyanocobala- 
min. It proved to have a most extraordinary 
effect in promoting the formation of normal 
red cells. An injection of a millionth of a 
gram a day was enough to keep a perni- 
cious-anemia sufferer in good health. 
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The vitamin B,, empirical formula is 
CyyHgyCON,,0,,P. The exact molecular 
formula was verified by X-ray crystallog- 
raphy by the British chemist Dorothy C. 
Hodgkin, in 1955. This outstanding work 
helped to bring her the Nobel Prize in 
Chemistry, awarded to her in 1964. 

Norman Jolliffe, Norman C. Wetzel, 
and others have shown in studies with chil- 
dren that vitamin B,, may be effective in 
promoting growth in children on diets low 
in animal-protein factor. 

The RDA of vitamin B,, is now set at 
three micrograms (0.003 mg). Normal per- 
sons absorb enough B,, from their diets 
through their intestinal walls. In the treat- 
ment of pernicious anemia, the minimum 
dose is one-millionth of a gram given daily 
by injection. Larger doses are given every 
three to six weeks. Liver, meat, eggs, and 
milk are prime sources of Bis: 

Liver, meat, eggs, and milk are prime 
sources of B,, 


VITAMIN C (ASCORBIC ACID) 


Albert Szent-Gyorgyi received a No- 
bel Prize in 1937 for the discovery of vita- 
min C (C,H,O,). He described this sugar- 
like vitamin as making the body work 
better so that it is stronger and healthier. 
It plays an important part in the formation 
of connective tissue, bone tissue, and den- 
tine. The vitamin is stored in the adrenal 
gland, pituitary gland, kidney, liver, ovary, 
eye, and other organs. It is released during 
heavy exercise and intense Strain. 

As we have already pointed out, vita- 
min-C deficiency results in scurvy. There is 
swelling and tenderness of the joints, swell- 
ing of the gums, loosening of the teeth, 
hemorrhages of the skin and mucous mem- 
branes, edema, and extreme skin sensitivi- 
ty. It is believed that vitamin-C deficiency 
accounts for certain types of anemia that 
occur in infancy and in pregnancy. 

Vitamin C is found very generally in 
both the plant and animal kingdoms. Citrus 
fruits, berries, green vegetables, cabbages, 
and green peppers are good sources of 
the vitamin. Potatoes, carrots, apples, and 
bananas contain less of it, but provide an 
adequate amount if eaten in sufficient quan- 
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tities. People, monkeys, ¢ 
certain bacteria are the on! 
that must obtain vitamin < 
sources. The other animals 
thesize the vitamin in their 

The daily need for vit 
30 to 80 milligrams. It is 
portant that infants, preg 
ing women, and older peop! 
plenty of this important \ 
diet. Bland diets, used in t 
diseases the intestinal tract, 
in vitamin C. 

Unless there is adequat 
much of the vitamin-C conte: 
vegetables is lost in stor 
cooking produces the same 
to be sure of obtaining our fu 
min C, we should eat plenty 
and vegetables. In the cooki 


process, much of the vitam- 


may be kept by excluding o 
food by using a pressure coc 
In 1970 Nobel Prizewir 


Top: a wound was made on the | 
suffering from scurvy. Ten days ! 
made. The tissue sample revealed 
sign of healing except at the sur! 
was then treated with vitamin C fo 
od, After that, a second biopsy (t 
that the wound had healed. The 
shows the site of the original wou 


>a pigs, and 
living things 
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1 bodies. 
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‘Dr. Linus 
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tom) showed 
iddle panel 


John H. Crandon 


Pauling wrote Vitamin C and the Common 
Cold, in which he recommended taking 


1,000 milligrams of vitamin C daily to pre- 
vent colds. He said that one gram daily 
would reduce the frequency of colds by 45 
percent and reduce the total days of illness 
by 60 percent. 

‘The rationale for the use of the vitamin 
seems to depend on a relationship between 
white blood cells and vitamin C. During a 
cold there is less of the vitamin in the white 
cells. Vitamin C is also believed to activate 


the immunizing system against viral in- 
fectior 

Since Dr. Pauling announced his the- 
ory, there have been several experimental 
studies designed to test the theory. In three 
controlled studies, for example, Dr. Ter- 
rence W. Anderson of the University of 
Toronto's School of Hygiene could not 
verily Paulings findings. However, he did 
find the following: 


* The average number of colds and the 
days of illness experienced per subject 
slighily favored the groups taking the vita- 


min- but much less than the 45/60 percent 
predicted by Pauling. 

* Dosage made no difference —250 milli- 
grams gave the same effect as 2,000 or 
8,000 milligrams. 

In 1976 Dr. Pauling announced that 
10-gram daily doses of vitamin C had im- 
proved the lives of 100 patients in Scotland 
with cancers beyond conventional therapy. 
However, in 1979 Dr. Edward Creagan of 
the Mayo Clinic, in Rochester, Minnesota, 
announced the results of a comparable 
study. He gave 10 grams of the vitamin 
daily to 60 patients and a placebo to 63 in 
a double-blind experiment. His evidence 
showed no theraputic benefit of vitamin C: 


VITAMIN D 


The accessory food factor called vita- 
min D is really a group of several fat-solu- 
ble accessory food factors, of which the 
most important are vitamin D, (ergocalcif- 
erol: C,,H,,O) and vitamin D; (cholecal- 
ciferol: C,,H,,O). In the following para- 
graphs, it is understood that when we refer 
to vitamin D we have in mind the vitamin- 
D group. 


Vitamin D is found only in animals, It 
occurs in fish-liver oil, particularly that ob- 
tained from cod, halibut, and shark. Plants 
contain certain substances that can be con- 
verted into vitamin D by the action of ultra- 
violet light, either from sunshine or from 
artificial sources, These precursor plant 
substances are called provitamins D. The 
two most important ones are ergosterol, 
which yields vitamin D, when it is irradiat- 
ed, and 7-dehydro-cholesterol, which yields 
vitamin D,. Provitamins may be converted 
to vitamin D in two different ways. The 
dried plant material may be irradiated with 
ultraviolet light before it is taken into the 
body, or it may first be eaten and then con- 
verted to vitamin D in the body by expo- 
sure to ultraviolet light. 

Vitamin D is primarily concerned with 
maintaining the proper balance of calcium 
and phosphorus in the body. Since the 
bones are composed largely of calcium 
phosphate, they are seriously affected if 
there is a vitamin-D deficiency. The result, 
in children, is the disease called rickets. 
The bones fail to harden. Therefore, when 
the long bones of the legs are subjected to 
the weight of the body, as when the child 
begins to walk, they become curved and the 
legs are bowed. ; 

In rickets there is abnormal cartilage 
growth, resulting in enlarged joints. The 
teeth do not develop properly. The child is 
particularly likely to have dental cavities. 
The ribs become misshapen because of the 
pull of respiration upon the soft bones. The 
chest is deformed, causing the condition 
known as pigeon breast. The muscles are 
also affected, becoming flabby and weak. 
There may be thickening of the skull, Rick- 
ets may occur at any time during the grow- 
ing period, but most cases develop before 
the age of two. 

In adults, lack of vitamin D causes cal- 
cium phosphate to be withdrawn from the 
bones, making them more porous. This 
bone disease is known as osteomalacia 
(“bone softness,” in Greek). wut 

The normal daily allowance of vitamin 
D for infants and children and for pregnant 
and nursing women is 400 International 
Units daily. Other adults require only small 
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amounts. The daily need can be met readily 
enough if the body is exposed to the ultravi- 
olet rays of the sun for an adequate period 
of time, since these rays will transform the 
provitamins contained in the skin into vita- 
min D. For this reason, rickets almost nev- 
er occurs in the tropics. It is found chiefly 
in the temperate zones, where radiation 
from the sun is markedly reduced, particu- 
larly in winter. Artificial ultraviolet light 
supplied by lamps may compensate, in part 
at least, for lack of sunlight. 

If there is not enough irradiation with 
ultraviolet light, vitamin D may be obtained 
from the diet in the form of fish-liver oils. It 
can also be provided by activated sterols — 
that is, from the provitamins ergosterol or 
cholesterol, irradiated with ultraviolet light 
before they are taken into the body. 

Adults are not so likely to have vita- 
min-D deficiency as children. Osteomala- 
cia, the adult vitamin-D deficiency disease, 
is generally rare. It is found especially 
among those who stay indoors most of the 
time. Those who work in the fields or on 
boats do not suffer from the disease. 

Vitamin D in excessive amounts can 
cause problems. The results of too much 
commercially prepared vitamin D (calcif- 
erol) results in demineralization of bone, 
increased concentration of calcium in the 
blood plasma, formation of kidney stones, 


VITAMINS 


The mouse atthe left has an ad J case of rick- 
ets. It has become so weak that not stand up. 
Above are longitudinal, or len e, sections of 
rat tibias. The tibia is one of tw es between the 
knee and the foot. The pair at t eft are normal 
tibias. The middle pair are fron sffering from 
rickets. The gap between th nysis and the 


shaft is very wide, compared to 
normal bones. The pair at the ri 


jht gap of the 
ow the results 


of treatment with cod-liver oil ap has been 
narrowed a great deal, but it wi ays be some- 
what greater than normal 
and the deposition of cak in soft tis- 
sues. 
VITAMIN E 

The name vitamin E siven to a 
group of closely related co: inds called 
tocopherols. They are des ed by let- 
ters of the Greek alphabi alpha to- 
copherol (C,,H,,O,), b tocopherol, 
gamma tocopherol, and d ocopherol. 
These substances belong t fat-soluble 
groups of vitamins. They a und almost 
exclusively in plants: in r y all green 
leaves and whole grains as as in wheat- 
germ oil, peanut oil, and olive oil. 

A biochemical and intrinsic role of 
vitamin E is unknown for animal cells. It 
has shown that lack of vitamin E leads 


to sterility in rats and to muscular dystro- 
phy, or imperfect nutrition of the muscles, 
in guinea pigs. There is little evidence thus 
far of vitamin-E deficiency in humans. 

Many studies have been made con- 
cerning the use of vitamin E in treating car- 
diovascular disorders. For example, sor 
researchers have treated insufficient bloo 
flow to the hands and feet with vitamin E, 
but the evidence is not conclusive. The 
vitamin may not be a peripheral dilator. 

It is believed that normal adults nh 
about 30 International Units of mixe 
tocopherals every day. 


VITAMIN K 
The Danish investigator Henrik Dam 


discovered in 1929 that if newly hatched 
chicks were placed on a fat-free diet, the 


id not coagulate readily and they 
hemorrhages in the skin, mucous 
membranes, and other parts of their bodies. 
ind that a fat-soluble vitamin ob- 
om green vegetables could prevent 
this condition. He called the substance vita- 
from the first letter of the Danish 


min K 

word koagulation, meaning “coagulation.” 
This vitamin later came to be known 

as K, (phylloquinone: C,,H,,O,). A U.S. 

biochemist, Edward A. Doisy, succeeded 

in isolating a related substance, which was 

calle , (farnoquinone). In 1943, Dam 


and Doisy received a joint Nobel Prize 


award ‘or their contributions. A synthetic 
compound, called menadione, with vitamin- 
K activity, has now been developed. 
Large amounts of vitamin K are found 
in alfsifa, spinach, carrot tops, soybean oil, 
tomatoes, rice bran, and casein. It is also 
manufactured by certain bacteria that are 


normally present in the intestinal tract. 

This vitamin is essential for the forma- 
tion, in the liver, of prothrombin, an impor- 
tant factor in blood clotting. Prothrombin, 
in the presence of various other substances, 
is converted into thrombin. Thrombin then 
acts upon the protein called fibrinogen to 
produce coagulation of the blood. People 
who have a vitamin-K deficiency have slow 
blood clotting. Therefore they are likely to 
suffer from hemorrhages. Normal adults 
rarely lack vitamin K, since the bacteria 
in their intestinal tracts can synthesize it. 

Newborn infants are particularly liable 
to vitamin-K deficiency. The quantity of 
the vitamin derived from the mother before 
birth is small. At birth, the intestines do not 
contain the bacteria necessary to manufac- 
ture vitamin K. The ordinary diet during the 
first few days of life does not supply it. As a 
result, mild vitamin-K deficiency is the rule 
rather than the exception in the newborn. If 
their prothrombin falls to very low levels 
as a result of the deficiency, hemorrhages 
occur. The ill effects of vitamin-K deficien- 
cy in the newborn can be prevented in most 
cases by giving the vitamin to the expectant 
mother or to the infant at birth. _ 

In the case of older children and 
adults, serious vitamin-K deficiency may 
develop if abnormal conditions within the 


body interfere with proper absorption of 
the vitamin. This takes place in the case of 
diseases such as obstructive jaundice, dys- 
entery, sprue, and celiac disease. Other 
conditions, too, may bring about a deficien- 
cy in the blood-clotting vitamin. Mineral oil 
may dissolve vitamin K and cause it to be 
excreted with the feces. Certain drugs, such 
as the sulfonamides and the antibiotics, 
may destroy the bacteria that manufacture 
vitamin K in the intestine. 


“MEGAVITAMIN” THERAPY 


During the treatment of pellagra with 
niacin in 1937, researchers discovered that 
the mental disorders of the patients van- 
ished along with the physical symptoms of 
the disease. By the early 1950's two Ca- 
nadian physicians, Abram Hoffer and 
Humphrey Osmond were treating schizo- 
phrenic patients with high doses of niacin. 
In 1962 they reported that a long-term, con- 
trolled experiment with 82 patients showed 
that “megadoses” of niacin had relieved 
the symptoms of schizophrenia. 

Thus began the “megavitamin’’ ther- 
apy of mental disorders. And out of this 
approach has grown the concept of ortho- 
molecular psychiatry. (In Greek ortho 
means “right”.) Orthomolecular means the 
right molecules to end the chemical imbal- 
ance causing the observed mental disorder, 

There are many critics of this ap- 
proach. In general, regular psychiatrists 
do not agree with orthmolecular therapists. 
They insist that the latter have not con- 
ducted controlled studies, since the time 
that Hoffer and Humphrey did their initial 
work on the subject. 


DO YOU NEED SUPPLEMENTS? 


All the vitamins essential to people's 
good health are found ina normal diet con- 
taining fresh vegetables and fruits, eggs, 
milk, fish, beans, and some unprocessed 
(natural) foods such as whole-wheat breads, 
cereals, and rice. However, many people 
do not eat balanced diets, so manufacturers 
have made vitamins available in “enriched 
foods.” These synthetically prepared vita- 
mins are just as useful to the body as the 
naturally occurring vitamins. 
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In shopping d, it is essen- 
tial to select a ‘balanced diet 
that includes < hydrates and 
fat. Milk prov the carbohy- 
drate called la »—milk sugar 
—along with diet needs of 
young childre; t some older 
people find mil id milk prod- 
ucts difficult npossible to 
digest. 
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A PRIMER OF 
CARBOHYDRATES, FA” 3, 
AND MINERALS 


By G. Edward Damon 


We all need good nutrition. An under- 
standing of what nutrients do in the body is 
important for anyone who wants to plan a 
well-balanced diet to meet this need, 

Two essential nutrients in any diet are 
carbohydrates and fat. Here is how they 
work in your body to provide needed nour- 
ishment and keep you in good health. You 
will also read a few significant new things 
that have been learned about these nu- 
trients in recent years. 


CARBOHYDRATES 


All carbohydrates are made of the 
chemical elements carbon, hydrogen, and 
oxygen. The hydrogen and oxygen are al- 
ways in the same proportion as in water— 
H,O. The name itself indicates the combi- 
nation: carbo (carbon) hydrate (water). 

The carbohydrates which provide 
nourishment in our foods are the various 
starches and sugars. The simple sugars — 
glucose, fructose, and galactose —are the 
foundation of most common carbohydrates, 
The disaccharides or double sugars —suc- 


rose, maltose, and lactose ontain two 
simple sugars. Complex “bohydrates 
(polysaccharides) such as starch are formed 


by the union of many simple sugars. 
be broken 


All carbohydrates must 
down by digestion into simple s 
fore the body can use them. Some complex 
carbohydrates—for example, cellulose— 
cannot be digested by man. But they supply 
roughage needed for proper elimination of 
solid wastes from the body. 

Ina very real sense, all animals rely % 
plants for life. Plants containing chlorophy! 
(a green pigment) use the energy from the 
sun to make carbohydrates from the carbon 
dioxide in the air and from water. Huin 
and other animals eat plants, or animals 
which subsist on plants. ‘ 

The major faction of carbohydrates 1n 
the diet is to provide energy for the work o 
the body. They also allow the body to EE 
ufacture some B-complex vitamins. An z 
they form part of the structure of many ma 
logical compounds. In addition, carbohy 
drates add flavor to our food. 


A PRIMER OF CARBOHYDRATES, FATS, AND MINERALS 


SOURCES OF CARBOHYDRATES 


rbohydrates are economical to pro- 
duc 1 abundance. This characteristic 
helps ə» majority of the people in the world 
to survive. In the United States and Can- 
ada, carbohydrates provide 40 to 50 per 
cen the total food energy. The entire 
pop! ation of the world obtains about 70 
per cent of its energy from carbohydrates. 
The major world carbohydrate sources are 
the cereal grains, such as wheat, rice, corn, 
and outs; potatoes, many fruits and vegeta- 


ble e beans; taro; cassava (tapioca); 
and sugar cane and sugar beets. Many pro- 
cessed foods are rich in carbohydrates, in- 
cluding breads and other baked goods, jams 


and jellies, molasses, noodles, spaghetti, 
and dried fruits. 


ST/ H 


tarch is the most important carbohy- 
dra’ = food source. Because it is the form in 
wh plants store energy for future use, 
including the nourishment of embryo 
plants, the seeds of some plants are the 
richest sources of starch. These plants in- 
clude the cereal grains, legumes, and the 
roots or tubers such as potatoes. The main 
constituent of cereals is starch, but impor- 
tant vitamins and minerals are also present 
in the outer layer and germ of the grain or 
kernel, Refinement, as in the milling of 


Rice threshing in the Philippine 
fore, a leading source of carbohydrates: 


a 


FAO Photo by F. Boms 


Crushing cassava in West Africa. Also known as 
the tapioca plant, cassava is a major source of 
starch in the world's tropical regions 


white flour, removes much of this outer 
layer and the germ. Enrichment of white 
bread and flour restores three of the B vita- 
mins that are lost in processing, and it adds 
iron. 

Most starchy foods are not very flavor- 
ful if eaten raw. Cooking swells the starch 
granules, breaks them open, makes them 


s. In Asia, rice isa leading cereal crop and, there- 
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Leguminous plants such as the many varieties of 
peas and beans are rich in carbohydrates. 


taste better, and allows them to be more 
easily digested. In some vegetables, such as 
immature corn and peas, a sweet taste is 
present. This disappears as the plant ripens 
and the sugar content changes to starch, 
which has little flavor. In some fruit, such 
as bananas, the unripened fruit contains 
starch that changes to sugar on ripening. 


GLUCOSE, SUCROSE, and LACTOSE 


Through digestion, the body changes 
the starch in foods to glucose. This sugar 
can be used as a source of energy by all the 
tissues in the body. If the body receives 
more glucose than it can use as energy, 
small amounts can be stored as glycogen— 
sometimes called animal starch—in the liv- 
er and muscle tissues. However, carbohy- 
drates consumed in excess of the energy 
needs of the body are rapidly converted to 
fat. Hence, one can become Overweight by 
eating excess calories in the form of carbo- 
hydrates. This is true of all excess calories, 
however. Carbohydrates are no more 
fattening than protein or fat. 

Sucrose—common table sugar—is 
mostly produced from Sugar cane and sugar 
beets. The sugars from the two sources are 
identical chemically. Refined sugar is an 
unusual food in that it is pure carbohydrate, 
Therefore, it is a source of calories only. 


It contains no vitamins, min 
or fat. Almost all other foo 
tain some essential nutrier 
In the United States, ti 
vidual consumption of sug 


rals, protein, 
ources con- 


verage indi- 
present is 


over 45 kilograms per yeui is is a sub- 
stantial increase over t onsumption 
prior to the twentieth cent he increase 
is related to the increasec umption of 
soft drinks, cakes and other bakery prod- 
ucts, candies, syrup, jams jellies, and 
other sweet manufactured | ucts. Many 
of these foods contribute es without 
providing much in nutrient se calorie- 
rich foods should not be at the ex- 
pense of foods that prov sential vi- 
tamins, minerals, and prot should also 
be remembered that an ex of calories 


from any source leads to o ight. 


Lactose, or milk sugar oduced by 
mammals. It is an energy ce for the 
young and a good source iigh-quality 
protein, calcium, riboflavin vitamin A. 
The enzyme lactase must present in 


people are 
ne after ear- 


order to digest lactose. So 
deficient or lacking in this er 


ly childhood. These people may find it dif- 
ficult, or be unable, to digest milk or milk 
products containing lactose 
FATS 
People have differing reactions to the 


word “fat.” Many think of fat in terms of 
being overweight. A nutritionist would be 
more likely to think about the fat content of 
foods, and the basic composition of fats. 
Fats are composed essentially of fatty 
acids and glycerol. Each fatty acid is made 
up of carbon atoms joined like links on a 
chain. The chains vary in length, with most 
edible fats containing four to 20 carbons. 
Each carbon atom has hydrogen atoms 
attached as the charms might be on a charm 
bracelet. When each carbon atom in the 
chain has attached to it as many hydrogen 
atoms as it can hold (two), it is called a sat- 
urated fatty acid. When a hydrogen atom 1S 
missing from two neighboring carbons, 4 
double bond forms between the carbon 
atoms, and the fatty acid is called unsatt- 
rated. A fatty acid which contains more i 
one such double bond in the chain is calle 
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poly, saturated. The polyunsaturated fatty 
acid <olled linoleic acid is of particular nu- 
tritic=ai importance. The body cannot man- 
ufacti:re it. Hence it is an “essential” fatty 
acid. | «cause it must be supplied in the food. 

‘Unsaturated fatty acids, and fatty 
acide composed of shorter chains, have 
lower melting points, and are liquids (oils) 
at room temperature. All food fats contain 


am) <-ure of saturated and unsaturated fatty 


acids But in general, animal fats are more 
satured than the liquid vegetable oils. 
rough division can be made in the 
degre of saturation between fats of animal 
and vegetable origin. However, there is 
some variation in saturation within each 
grou; based on the sources. Other charac- 
teristes also vary. For example, coconut 
oil is highly saturated, but it is liquid be- 


cause it has short carbon chains. Chocolate 
has 
acid: 


ı higher percentage of saturated fatty 
‘han most other vegetable oils. 
flower, corn, cottonseed, peanut, 
soybean oils are especially rich in lino- 
id. The labels on products made from 
oils often state “high in polyunsatur- 
or “high in polyunsaturated fatty 
is” When oils have hydrogen added 
»genation), they become more solid. 
‘ine is an example of a food in which 
vegetable oils are hydrogenated to the con- 
sistency of a fat. In the process, the vegeta- 
ble oil necessarily becomes more saturated. 


FUNCTIONS OF FAT 


Some fat is essential in the diet to 
provide linoleic acid, which is necessary for 
proper growth and a healthy skin. How- 
ever, only a small amount of linoleic acid is 
required to meet this need: about 1 to 2 per 
cent of the total calories. Fats also carry 
fat-soluble vitamins into the body and aid in 
their absorption. In addition, fats serve as a 
concentrated source of energy. Because 
they slow digestion and stomach emptying, 
they delay the onset of hunger. Fats also 
contribute to our enjoyment of foods: 


they add flavor and improve the texture. 
Fats are called a concentrated source 


of energy. They have an energy value more 
than twice that of carbohydrates or pro- 
teins. That is, 1 gram of fat provides 9 calo- 


A PRIMER O! 


ries, while 1 gram of protein or carbohy- 
drate provides only 4 calories. 

This means that foods rich in fats add 
much to the caloric content of the diet. All 
calories in excess of body needs lead to fat 
deposits in the body. Some fat in the tissues 
helps to cushion body organs and to pre- 
vent heat loss. Too much fat deposited 
leads to being overweight. 

A reduction in fat-rich foods is a sensi- 
ble way to limit calories in the diet for re- 
ducing or controlling weight. In judging the 
amount of fat in one’s diet, it is very easy to 
underestimate the total. Most people think 
only about visible fats: butter, margarine, 
lard, and cooking and salad oils. But much 
of the fat in the diet comes from less visible 
sources. Such sources include the fat par- 
ticles and streaks in meat from wellfed ani- 
mals; the fat in nuts, meats, and poultry; 
the fat added in some cooking; and the fat 
contained in many processed foods. 


Per 

cent Fat Food 

90-100 Salad and cooking oils and fats, lard 

80-90 Butter, margarine 

70-80 Mayonnaise, pecans, macadamia nuts 

50-70 Walnuts, dried unsweetened coconut 
meat, almonds, bacon, baking chocolate 

30-50 Broiled choice T-bone and porterhouse 
steaks, spareribs, broiled pork chop, 
goose, cheddar and cream cheeses, potato 
chips, chocolate candy 

20-30 Choice beef pot roast, broiled lamb chop: 
frankfurters, ground beef, chocolate chip 
cookies 

10-20 Broiled choice round steak, broiled veal 
chop, roast turkey, eg) avocado, olives, 
chocolate cake with icing, frenchfried 
potatoes, ice cream, apple pic 

1-10 Pork and beans, many broiled fish, broiled 

chicken, crabmeat, cottage cheese, beef 
liver, milk, creamed soups, sherbert, most 
breakfast cereals 

Less than Baked potato, most vegetables and fruits, 


1 egg whites, chicken, consomme 


CHOLESTEROL AND HEART DISEASE 


The amount of fat in the human diet 
varies greatly in different parts of the world. 
In some densely populated or underdevel- 
oped areas, the land must be used to pro- 
duce the less expensive high carbohydrate 
foods such as grains. In such areas, fat 
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provides as little as 10 per cent of the calo- 
ries. In wealthier societies, where more 
animal products are consumed, fat may 
provide almost half of the calories. Fat now 
provides about 42 per cent of the calories 
in the U.S. diet, an increase of about 10 per 
cent over earlier this century. Many physi- 
cians and nutritionists believe that a lower 
fat intake would be desirable. 

In recent years, people have read or 
heard much discussion about the amount 
of fat they eat. They also hear about the 
kind of fat they eat—saturated versus un- 
saturated or polyunsaturated. Most of the 
controversy involves the relationship of 
dietary fats and cholesterol to athero- 
sclerosis, Cholesterol is a fat-soluble sub- 
stance which is contained in foods of ani- 
mal origin. It is also manufactured by nearly 
all body tissues. Atherosclerosis is a dis- 
ease in which cholesterol and other fatty 
substances are deposited on the inner walls 
of arteries. 

A high level of blood cholesterol has 
been identified as one of several risk factors 
in this disease. Some evidence has indicat- 
ed that saturated fats in the diet tend to 
cause an increase in the levels, while 
polyunsaturated fats tend to result in de- 
creased levels. Some medical authorities 
believe that many people would benefit 
from reducing their total consumption 
of fat, and from substituting moderate 
amounts of polyunsaturated vegetable fat 
for some of the saturated fats in their diets. 


MINERALS 


Just the right amounts of minerals in 
our diets is necessary, essential for good 
health and for growth. Tamper with the 
supply, and we find ourselves with varying 
types of deficiency diseases, 

" Minerals have two general body func- 
tions — building and regulating. Their build- 
ing functions affect the skeleton and all soft 
tissues. Their regulating functions include 
a wide variety of functions, such as heart- 
beat, blood clotting, maintenance of inter- 
nal body-fluid pressure, nerve responses, 
and transport of oxygen to body tissues. 

Some minerals are needed in relatively 
large amounts in the diet—calcium, phos- 


phorus, sodium, chlorine, potassium, mag- 


nesium, and sulfur. These minerals are 
classified as macrominer By Large 
amounts is meant more than 100 milligrams 
a day. 

Other minerals, called ‘race minerals, 
or trace elements, are needed in smaller 
amounts. These are iron, manganese, cop- 
per, iodine, zinc, cobalt, fl e, and per- 


haps others. 


MACROMINERALS 
Calcium is present i i€ body in 


greater amounts than any other mineral, 
There is about one kilogram or slightly 
more, in the body, almost all of which is 
concentrated in the bones and teeth. Small 
amounts of calcium help tc ilate certain 
body processes such as the ve function, 
muscle tone and irritability | blood clot- 
ting. Although children and pregnant and 
lactating women have the highest calcium 
needs, all people need calcium in their 
diets. Milk and milk products are good 
sources of calcium. Other sources are green 
leafy vegetables (except spinach and chard), 


citrus fruits, and dried peas and beans. _ 

Phosphorus is present with calcium, in 
almost equal amounts, in the bones and 
teeth, and is an important part of every 
tissue in the body. It is widely distributed 
in foods. Good sources are meat, poultry, 
fish, eggs, and wholegrain foods. 

Sodium and chlorine are the two ele- 
ments which combine to form table salt, 
but each has separate functions in the 
body. Sodium is found mainly in blood 
plasma and in the fluids outside the body 
cells, helping to maintain normal water 
balance inside and outside the cells. So- 
dium-rich foods include meat, fish, poultry, 
eggs, and milk. Many processed foods, such 
as ham, bacon, bread, and crackers, have @ 
high sodium content because salt or sodium 
compounds are added in processing. 

Chlorine is part of hydrochloric acid, 
which is found in quite high concentration 
in the gastric juice and is very important 1n 
food digestion in the stomach. 

The daily U.S. diet and that of many 
other countries provides a high intake 0 
sodium, much of it added to food as salt. 
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Many authorities believe the intake is 
muc™ higher than desirable and that too 
muc sodium leads to retention of water in 
the tem (edema), which is typically as- 


socisted with diseases such as high blood 
pressure, kidney disease, and congestive 
hear: disease. Under conditions of heavy 


swea losses or vomiting, salt intake may 
nee |) be increased, but the usual diet pro- 
vides more than enough to cover losses 
from \ormal activities. 

vassium is found mainly in the fluid 
insid- the individual body cells. With so- 
diur:, it helps to regulate body fluid balance 


and volume. A potassium deficiency is very 
uncommon in healthy people but may re- 
sult om prolonged diarrhea or from di- 
uretiss (which cause high urine volume). It 
may also occur in children with extremely 
ina’ uate protein diets. 

ignesium is found in all body tissues, 
but > ncipally in the bones. It is an essen- 
tial port of many enzyme systems responsi- 
ble cr energy conversions in the body. A 
deficiency of magnesium in healthy humans 
eatiny, a variety of foods is uncommon, but 
it hos been observed in some postsurgical 


patients, and in alcoholics. 

<ulfur is also present in all body tissues 
and is essential to life although its function 
has not yet been determined. It is a com- 
por of protein and a part of two vita- 
mins, thiamine and biotin. 


TRACE ELEMENTS 


Most of the trace elements are bound 
to organic compounds on which they de- 
pend for transport, storage, and function. 

Iron is an important part of compounds 
necessary for transporting oxygen to the 
cells and making use of the oxygen when it 
arrives. It is widely distributed in the body, 
mostly in the blood, with relatively large 
amounts in the liver, spleen, and bone 
marrow. 

The only way a significant amount of 
iron can leave the body is through a loss 
of blood. Women of childbearing age, pres- 
nant women, and growing children are most 
likely to suffer from iron-deficiency anemia 
because they have higher needs for the 
mineral. 
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Only a few foods contain iron in useful 
amounts, Liver is an excellent source. 
Other sources are meat products, egg yolk, 
fish, green leafy vegetables, peas, beans, 
dried fruits, whole-grain cereals, and iron- 
enriched cereal products, 

Manganese is needed for normal ten- 
don and bone structure and is part of some 
enzymes. It is abundant in many foods, 
especially bran, coffee, tea, nuts, and peas. 

Copper is involved in the storage and 
release of iron to form hemoglobin for red 
blood cells. The need for copper is particu- 
larly important in the early months of life 
and, if the intake of the mother is sufficient, 
infants are born with a store of copper. 
Copper occurs in most unprocessed foods. 
Organ meats, shellfish, nuts, and dried 
legumes are rich sources. 

Iodine is required in extremely small 
amounts, but the normal functioning of the 
thyroid gland depends on an adequate sup- 
ply. With a deficiency of dietary iodine, 
thyroid enlargement (goiter) occurs. Sea 
foods are the richest sources. 

Zinc is an important part of the en- 
zymes that, among other functions, move 
carbon dioxide, via red blood cells, from 
the tissues to the lungs where it can be 
exhaled. Recent studies indicate that zinc 
deficiency may be involved in the loss of 
the sense of taste and in delayed wound 
healing. Zinc is usually associated with the 
protein foods. Good sources are meats, fish, 
egg yolks, and milk. 

Cobalt by itself is not essential in the 
body, but it is a part of vitamin B,, which 
is an essential nutrient. Strict vegetarians 
can become vitamin B,, deficient because 
it occurs only in trace amounts in plants. 

Chromium, acting with insulin, is re- 
quired for glucose utilization. A deficiency 
can produce adiabetes-like condition. Good 
sources are dried brewer's yeast, whole- 
grain cereals, and liver. k 

Fluorine, like iodine, is found in small 
and varying amounts in water, soil, plants, 
and animals. Fluorine contributes to solid 
tooth formation and results in a decrease 
of dental caries, especially in children. 
There is also evidence that fluorine helps 
retain calcium in the bones of older people. 
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Dairy farms, such as this one in Chile, are sources of high-quality protein 
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AND FIBER 


by G. Edward Damon 


WE all need good nutrition. In order to 
obtain a well-balanced diet, we should un- 
derstand what nutrients do in the body. 
Proteins are among the essential nutrients, 
and fiber is also an important part of our 
diet. Here are the basic facts about them. 


WHAT ARE PROTEINS? 


To the average person, “protein” 
means “meat.” Some would include fish 
and poultry, and some might add eggs and 
milk. Thus, most people associate protein 
with animal products. Lately, however, 
vegetable proteins have been widely adver- 
tised and sold in supermarkets as meat ex- 
tenders or meat substitutes. Thus more 
people are becoming aware that there are 
both plant and animal proteins. 

Proteins are, besides water, the most 
abundant substance in body cells, and they 
have almost endless functions in the body. 
They account for the tough, fibrous nature 
of hair, nails, and ligaments, and for the 
structure of muscles. They are a part of 
hemoglobin, which transports oxygen in the 
blood; of insulin, which regulates blood 
sugar; and of the enzymes necessary for 
digestion of food. 
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Amino acids — which in nitrogen 
that is essential to anin »—are the 
building blocks of protein ; the varia- 
tions in the composition and arrangement 
of amino acids in the proteir lecule that 
give protein its remarkable versatility. In 


protein molecules, hundreds of amino acids 


are linked into long chains. About 20 amino 
acids are commonly found in proteins. This 
makes possible an almost infinite number 
of combinations and sequences in the am 
no acid chains. An almost infinite variety 0 


proteins is found in plant and animal tis- 
sues. 


FUNCTIONS OF PROTEINS 


Proteins (actually amino acids) are 
required by the body for building and man 
taining body tissues. They are an impartan 
part of protoplasm, the living materia A 
the cell, and are found in association at 
the cell’s genetic material. The grea ee 
amounts of protein are needed vere 
body is building new tissue rapidly, suc be 
during infancy, pregnancy, or when amo i 
er is nursing a child. Extra protein altos 
needed when excess destruction or loss 
body protein occurs from hemorrhage: 


FAO photo by R. Coral 


from fish and poultry provide a good balance of amino N 


or humans and animals. Right: fish market in Dacca, 
desh. Above: fish meal shipped from Peru for livestock. 


bu surgery, infections, or other causes. 
Cor vary to popular belief, people engaged 
in rts and other strenuous activities do 
not seed increased protein (except for the 
sii amount of protein needed for de- 
veloping muscles during conditioning), 
pr od their diets supply enough calories 
from carbohydrates and fats. 

roteins are needed for building the 
th ands of enzymes which control the 
speed of chemical reactions in the body. 
T are also needed for making hormones 
such as insulin and thyroxine, which regu- 


late metabolism. Metabolism is a term for 
the chemical processes occurring in the 
y. In addition, proteins are needed for 
ning antibodies which combine with 
foreign proteins that enter the body, pro- 
ducing an immunity response that helps 
ward off harmful infections. They also help 
regulate the water balance and the acid- 
base balance in the body. 

Proteins, like carbohydrates and fats, 
can be burned to supply energy. Therefore, 
when the diet does not supply enough calo- 
ries from those other two nutrients, pro- 
teins are used for energy, even at the ex- 
pense of building body protein. Some pro- 
tein is needed regularly in the diet because 
the body has little protein reserve- If more 
protein is eaten than is required for the ni- 
trogen needs of the body, the extra protein 
is used for calories or is converted to body 
fat. Thus, you can become “fat” from eat- 
ing excess calories in the form of protein 


just as much as from too many calories 
from carbohydrates or fats. 

Most Americans today eat more pro- 
tein than their bodies need. This excess 
protein consumption is economically waste- 
ful, because foods that provide primarily 
carbohydrates and fats are cheaper sources 
of calories. It is also biologically wasteful, 
because only part of the protein molecule 
can be used for energy. The amino groups 
cannot be so used and instead must be split 
off and excreted by the kidneys. 


ESSENTIAL AMINO ACIDS 


To be used in the body, protein in food 
must be broken down by digestion to amino 
acids and absorbed into the blood. The 
body uses the “pool” of amino acids avail- 
able from foods and metabolism to build the 
body proteins it needs. The efficient build- 
ing of body tissues requires a well-balanced 
mixture of amino acids. Some amino acids 
can be made by the human body, but sever- 
al must be provided preformed from foods. 
The latter, therefore, are known as the “es- 
sential” amino acids. 

The essential amino acids are required 
in different amounts by the human body. 
Food proteins providing all of the essential 
amino acids in the proportions needed by 
humans are called “complete” or high qual- 
ity. A protein low in an essential amino acid 
is said to have a “limiting” amino acid be- 
cause it limits growth. If the proportions of 
essential amino acids are too unbalanced, 
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FAO photo by F. Betts 


Mung bean noodles. The bean is being used to 
combat protein malnutrition in the Far East. 


the protein will not support either growth or 
maintenance. When combined, two pro- 
teins, each of which has a different limiting 
amino acid, may complement one another 
and provide total protein of high biological 
value. 

Because animal body composition is 
similar to that of humans, animal products 
contain more nearly the balance of amino 
acids required by humans than do plant 
foods. Meat, fish, poultry, milk, cheese, and 
eggs are all sources of high quality protein. 
Vegatable proteins are usually low in one 
or more of the essential amino acids. Plants 
also have less protein in their tissues than 
do animals. Legumes (peas and beans) con- 
tain larger amounts and better quality pro- 
tein than other plant sources. 

Combinations of proteins from dif- 
ferent vegetable sources (in a meal or in a 
food product) may complement one anoth- 
er and provide improved total protein qual- 
ity. Legumes combined with many cereals 
are nutritious. For example, beans and rice 
combinations provide both a good quality 
and quantity of protein. Vegatable sources 
supplemented with some high quality pro- 
tein, such as breakfast cereal with milk, or 
macaroni with cheese, also are nutritious 
combinations. By adding the essential ami- 
no acid which is low ina particular protein, 
such as methionine to Soy protein, it is pos- 
sible to prepare meat substitutes equal to 
animal products in terms of protein quality. 

Vegetarians, who obtain their diets 
only from plant sources, need to select from 
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a wide variety of plants tc ure that they 


are getting the amount and quality of pro- 
tein they need. They also t to take vita- 
min B,, as a dietary supplement, because 
plant foods contain only tra of this vita- 
min. The inclusion of eve ull amounts 
of milk, cheese, and eggs mai es it simpler to 
select a diet that is adequat both quan- 
tity and quality of protein 

PROTEIN LABELING 

On nutrition labels, t ims of pro- 
tein in a serving or port f food are 
stated in the upper sectio: (he nutrition 
information panel. The pi tage of the 
U.S. Recommended D Allowance 
(U.S. RDA) of protein is £ n the lower 
section. The U.S. RDA fo: in is based 
on the protein quality of In effect, 
food products which cont tal protein 
that is of high biological qu can claim a 
higher percentage of the l RDA on la- 
bels than foods which cont otal protein 
of lower quality. This part of the regulation 
is intended to protect the consumer from 
deceptive labeling claims on products 
which contain large amounts of low quality 
protein. 

Differences in protein quality in foods 
are typified by comparing products such 
as beef-and-vegetable stew and canned 
kidney beans. A one-cup serving of either 


would contain about the same amount of 
protein, but the stew would contribute a 
higher percentage toward the U.S. RDA 
for protein, because beef contains high 
quality protein. However, the beans are a 
good and fairly inexpensive source of pro- 
tein. When combined with a small amount 
of cheese, egg, or other anima! protein, they 
will provide protein equal in quality to the 
stew. 


WHAT IS DIETARY FIBER? 


The nutritional qualities of foods are 
usually described in terms of the foods’ pro- 
tein, carbohydrate, fat, vitamin, and miner- 
al content. The importance of the fiber, of 
roughage, in foods is less frequently men- 
tioned. However, the value of certain foo : 
in promoting bowel regularity probably ha 
been recognized through the ages. 
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Leg are major protein sources for humans and livestock. Left: clover serves as ani- 
mal der and also improves soil fertility. Right: soybeans provide one of the best bal- 
anc Í amino acids of any vegetable protein. 


The fiber in our diet comes only from 
plant sources and does not include the 


tough, or “fibrous,” portions of some 
meats. It is composed of complex carbohy- 
drates, such as cellulose, and other sub- 


stances which constitute the cell walls and 
structural formations in plants. The fibrous 
sections of some foods—for example, the 
stems of salad greens, celery, wheat bran, 
and apple skins— contain large amounts of 
these materials. 

This fiber from plants is important in 
the diet. It stimulates the normal action of 
the intestinal tract in removing waste prod- 
ucts. In addition to providing bulk, the fiber 
absorbs many times its weight in water, thus 
helping to make the waste products softer. 
The greater bulk promotes regularity and 
more frequent elimination. 

Many diets for weight reduction en- 
courage the consumption of raw vegetables 
and fruits. This is often helpful, because 
these foods contain fair amounts of fiber 
and are generally low in calories. The in- 
creased bulk also contributes toa feeling of 
fullness that helps to satisfy the dieter. 

Recent studies have suggested that 
dietary fiber may have an additional contri- 


bution to our well-being, probably as a re- 
sult of the greater bulk and more rapid elim- 
ination. Some researchers feel that an ade- 
quate quantity of dietary fiber may protect 
against many noninfectious diseases of the 
large intestine. These conditions include 
cancer of the colon, hemorrhoids, appendi- 
citis, colitis, and diverticulosis (pouches 
protruding from the intestinal wall), The 
incidence of these diseases appears to be 
lower in societies where the diets contain 
larger amounts of dietary fiber. Some re- 
searchers have also associated increased 
dietary fiber with reduced blood cholesterol 
levels. This suggests that a relationship may 
exist between dietary fiber and freedom 
from atherosclerosis (fatty deposits on the 
inner walls of arteries). Based on these re- 
search reports, some health authorities be- 
lieve that an increase in dietary fiber would 
be beneficial for people who tend not to eat 
many vegetables and fruits. 


CONSUMPTION OF FIBER 


Little effort has been made to evaluate 
the consumption of dietary fiber. Until re- 
cently, there has been little interest in the 
value of fiber either as roughage or in 
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Fiber, or roughage, is needed for good body health. Major sources of fiber in- 
clude fresh fruits and vegetables (left) and whole-grain cereals (right). 


connection with disease. However, some 
foods which are major contributors to 
fiber—whole-grain flour and cereal, pota- 
toes, and fresh fruits and vegetables — have 
been consumed less in recent years. The 
consumption of dried beans and peas, 
which are also good sources of fiber, has 
also decreased. Increased consumption of 
meat and poultry, which do not provide 
fiber, has also been responsible for a lower 
level of dietary fiber. 

Why can’t manufacturers just add fiber 
to the foods we normally eat? To a certain 
extent, it could be done. It would be easy to 
put more fiber in some breakfast cereals, 
but it wouldn’t be acceptable in many other 
foods. Fiber, to be noticeably beneficial, 
would have to be in much larger amounts 
than introduced vitamins, which are added 
in milligram or microgram quantities. Fiber 
would have to be added in grams, and this 
would alter the appearance, taste, chewi- 
ness, and mouth-feel of many foods. 

At any rate, it is possible to get enough 
fiber in regular foods by including some 
foods from a variety of plant sources every 
day. We need to keep in mind that dietary 
fiber is made up of many substances, and 
the composition differs in cereals, vegeta- 
bles, fruits, and seeds. So a variety of plant 
foods is needed in our diets. This agrees 
with the advice often given by nutritionists: 
“For good nutrition, select your diet from a 
wide variety of foods.” 

As a general rule, unrefined foods con- 
tain more roughage than refined foods, be- 
Cause some fiber is usually removed in pro- 
cessing. For example, breads and breakfast 
cereals made from whole wheat contain 
more fiber than products made from wheat 
that has had the bran removed. Raw apples 
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or other fruits contain som 
marily in the skins, which 
processed products. Fruits 
as strawberries, raspberric: 
high in fiber. Raw and co 
are excellent sources of fibe 

In the past, America 
much attention to the ro 
diets. Because of the inc; 
nized importance of roug! 
the nutrition spotlight is be 
on dietary fiber. 


This article has discussed the 
teins and fiber in a well-balan 
tain good health, attention mus 
several other dietary constituents 
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haven't paid 
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ctions of pro- 
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EXERCISE 
AND REST 


In one respect, at least, the human 


body is like the motor of an automobile. It 
is constantly transforming the chemical 
energy contained in its fuel—that is, the 


food it swallows—into heat energy and 


mechanical energy. The toast you eat for 
breakfast is burned in the body just as truly 
as gasoline is burned in the cylinders of an 
automobile. Part of the chemical energy 
supplied by the toast is changed into the 


heat energy that keeps your body warm. 


Another part of it goes into the mechanical 
energy that makes it possible for your mus- 
cles 1o pump blood through your body or to 
move your chest in breathing. 


Even if you lie idly in bed all day, your 
body continues to transform a certain 
amount of the chemical energy provided by 
food into mechanical energy and heat ener- 
gy. The heart keeps on pumping blood in 
the circulation. The diaphragm continues to 
contract and expand, thus drawing oxygen 
into the lungs and forcing carbon dioxide 
and water vapor from them. The move- 
ments of the intestines continue as food is 
digested and absorbed into the tissues. The 
body must be kept at its normal tempera- 
ture so that activities such as those de- 
scribed above may be carried out as effec- 
tively as possible. 


METABOLIC RATE 


_ The rate at which your body trans- 
forms energy when it is at rest is called its 
basal metabolic rate. Metabolism refers to 
those processes that build up protoplasm, a 
basic cell ingredient, and those that break it 
down into simpler substances, with the ac- 
companying release of energy. In the basal, 
or resting, state of the body, most of the 
chemical energy provided by food is 
changed into heat energy and only a little 
into mechanical energy, since most of the 
muscles are relaxed and inactive. 


© 1978 sim Ande Come 


There is no age limit to exercise programs when 
they are properly designed for the individual 


The rate at which energy is trans 
formed in the body increases greatly when 
you rise from your bed and go about your 
daily activities —moving the arms and fin 
gers in the act of eating, or walking briskly 
to a bus, or playing a game of tennis. Even 
when you are simply standing still, the 
at have to do with posture must 
Jer to hold the body 


muscles th 
exert themselves in ord 
upright. 

The transforming of chemical energy 
into mechanical energy by the muscles is 
called muscular exercise We generally 
think of exercise as the kind of activity that 
is involved in playing a game of golf, or 
running a race, or carrying the puck in a 
hockey game. Scientifically, however, the 
word exercise has a far broader meaning. It 
refers to any kind of muscular activity, vio 
lent or gentle, from lifting a heavy weight to 
threading a needle. 

No engine is perfectly efficient, since a 
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good deal of its chemical energy is trans- 
formed into heat energy instead of mechan- 
ical energy. In the case of the human body, 
only about one-quarter of the energy we ob- 
tain from food is changed into the energy re- 
quired for breathing, talking, writing, and 
the like. The rest is changed into heat 
energy. 


Rate of Energy Transformation by the Body 
in Different Kinds of Muscular Exercise 


Type of Exercise Rate in Mets* 


Resting, or basal 1.0 
Sleeping 0.8 
Standing quietly 1.2 
Dressing and undressing 1.4 
Dishwashing 1.6 
Slow walking 3 kilometers per hour 2 
Cycling 3to7 
Rowing 3 to 10 
Fast walking 6-7 kilometers 

per hour 4 
Mining coal 4 
Sawing wood 5 
Skiing 6 to 10 
Running 9 kilometers per hour 7 
Long-distance running 10 to 15 
100-meter dash in 10 seconds 100 


‘A Met represents the resting, or basal, rate of energy transfor. 
raion of an average person. The word comes from metabolism 


It is about equal to the rate of energy used in a 100-watt electric 
bulb. 
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asses for se- 
s are being set 


e country. 
John Keating 
When the muscles me active, 
more chemical energy is ired so that 
increased mechanical ener ay be made 
available. The table show energy in- 


creases in different kinds ¢ cise. 
The figures in this tab! only rough- 
ly accurate, since the actu ute of energy 


transformation will depend on the stren- 
uousness with which a giv: ivity is car- 
ried out. The energy requi o perform a 
task is much greater if it :: done rapidly 
than if it is done slowly. H ən has to be 
Overcome in the different muscles that are 
involved: the higher the >d of move- 
ment, the greater the forces of friction. This 
is true also of mechanisms like automo- 
biles. You use up more gasoline when you 
drive your car a distance of 10 kilometers at 


80 kilometers per hour than when you drive 
the same distance at 50 kilometers per 
hour. ; 

Naturally, more food will be required 
as the rate of energy transformation in- 
creases. A modest amount of food will 
suffice for an invalid resting quietly in be 
all day long. A miner will have to eat muc 
more if he is to do his job effectively. Ath- 
letes must also be well fed. 


WHAT HAPPENS DURING EXERCISE? 


Up to a certain point, one can on 
what happens in the body during excl 
with what happens when a driver steps a 
the accelerator of his car. The carbureto 
feeds more gasoline to the engine and E 
engine runs faster—that is, the chemica 


Wt ju exercise briskly, blood circulation in- 
cr \ear the surface of the body. The sweat 
gl (above) become active and the skin shows 
be perspiration. As sweat evaporates, it cools 
th Very strenuous exercise (right) still raises 
be perature somewhat 


ene of the fuel is changed into heat ener- 
gy mechanical energy at an increased 
rat it it is not enough to supply the en- 
gin ith more gasoline. If that were all, 
you r would soon be on the scrap heap. 
A great many other factors are involved. 


n order to burn the fuel, a greater sup- 
ply of oxygen is needed. Hence, the carbu- 
retor now sucks in air to the engine in great- 
er quantities than before. A good deal more 
heat is generated at high speeds. To keep 
the engine from becoming overheated, 
more cooling is now provided by the water 
pump, which circulates water through the 
engine jacket, and by the fan, which blows 
air over the radiator. The ignition now pro- 
duces more sparks per minute to fire the 
fuel in the cylinders. More oil now flows in 
order to lubricate the working parts. Many 
operations are required, therefore, in order 
to bring about an increased rate of energy 
transformation in your automobile. j 

So it is with the human body when it 
passes from rest to exercise. The muscles 
must transform chemical energy into me- 
chanical energy at a faster rate than be- 
fore, but a good many other things must 
happen, too. 


To burn more fuel, the muscles need a 
greater supply of oxygen that is carried to 
them by the circulation of the blood. There 
fore, the flow of blood to the muscles must 
increase greatly. To charge the increased 
blood flow with sufficient oxygen, the 
lungs must pump more air Notice that 
your breathing becomes deeper and faster 
the minute you start exercising 

As the muscles become more active, 
more chemical energy 15 transformed into 
heat energy. This extra heat would quickly 
raise the body temperature to fever if effec 
tive cooling were not provided 

The increased circulation of blood to 
the surface of the body — that is, the skin 
helps to carry the heat away faster than 
normally. The sweat glands all over the 
body surface burst into activity and drench 
the body with perspiration As the sweat 
evaporates, the body loses heat to its sur 
roundings. These cooling devices are quite 
effective, but they do not suffice if a person 
engages In particularly strenuous activity 
The body temperature of the most perfectly 
trained athlete is bound to rise if he or she 
runs a race, or plays several fast sets of 
tennis, or runs a few kilometers 
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INCREASE IN OXYGEN SUPPLY 
REQUIRED 


The human mechanisms that take part 
in exercise are linked up by the action of 
the nervous system, which governs the ac- 
tion and the cooperation of all the parts of 
the body in muscular exercise. We still do 
not fully understand just what is involved. 
For example, what brings about the in- 
crease in the oxygen supply that is required 
for muscular exertion? We know that the 
rate and depth of breathing are controlled 
by the amount of carbon dioxide in the 
blood, but this is by no means the whole 
story. Nerve impulses from the muscles to 
the brain undoubtedly play a part. It is 
probable, too, that when the motor cor- 
tex—the part of the brain that controls the 
activity of the muscles—goes into action, it 
sends nerve messages to the various mus- 
cles that control breathing. 

In exercise, as we have seen, the sup- 
ply of oxygen to the muscles increases as 
they become more and more active. There 
is a limit, however, to the rate at which the 
lungs can breathe air and the heart can 
pump blood. The maximum rate for each 
individual depends on his fitness and his 
training for a particular form of exercise. 


OXYGEN DEBT 


Professor Archibalc 
gland, a Nobel Prize win 
measured the rate at whic 
letes breathed in air and 
He found that an athlete 
rest, uses nearly one fi 
oxygen each minute. W} 
exercise, he can take in 1 
much oxygen, or appro 
four liters a minute. TI 
correspond to 15 Met unit 
say that 15 Mets is the r 
taking in and using oxyg¢ 
shows that a sprinter in t} 
transforms energy at the 

Here our comparis¢ 
body with the engine « 
breaks down. The car eng 
on its income. By that we 
burn only as much gas 
pump supplies, together w 
gen as the carburetor can í 
course, sets a definite limit 
car. If it has a maximum sy 
meters per hour on a certair 
go faster than this, even f 
time. The maximum spee 
meter race will be the same 


Strenuous Sports, such as tennis, require large expenditures of energy; they are good f 
building muscle tone and coordination. 


lill, of En- 
physiology, 
oup of ath- 
ved oxygen, 
rage size, at 
f a liter of 
ing violent 
15 times as 
ly three or 
itity would 
how can we 
um rate for 
n the table 
meter dash 
100 Mets? 
he human 
iutomobile 
n only live 
1 that it can 
is the fuel 
much oxy- 
in. This, of 
speed of a 
f 240 kilo- 
k, it cannot 
very short 
a two-kilo- 
yr a 20-kilo- 


Alpha 


meter race: 240 kilometers per hour. 
I is not true in the case of the hu- 


man hine. The average speed of a 
sprinter in a 100-meter dash is not the same 
as tha! of a miler or a ten-mile runner, as 
world running records show. In a 100-me- 
ter di the average speed may be a little 
over ilometers per hour; in a 440-meter 
run, rly 32 kilometers per hour. In a 
1,60 ter run, average speed is nearly 
25k sters per hour. 

distances greater than 1,600 me- 
ters rage running speeds do not de- 
crea arkedly: down to about 19 kilome- 
ters per hour. The energy-change rate in 
long ınce runners is about 15 Mets. 

lently, in the case of sprinters, the 
mus can transform energy at a much 
grea ate than this. In other words, the 
musi are not limited, as is the automo- 
bile ine, to living on income, but for a 
short time at least they can pile up an Oxy- 
gen debt. That is, they can transform chem- 
ical rgy into mechanical energy and heat 
ene without any reaction with oxygen. 
They can do this by breaking down the gly- 
cogen, or animal starch, stored up in the 
muscles and liver, to form lactic acid—a 
reaction that does not require oxygen. 

Extra oxygen will have to be taken in 

later to pay back this oxygen debt when the 
heavy exercise is over. This extra oxygen 
will then react with the lactic acid that has 
ac lated in the muscles. Part of the lac- 


tic acid will be reconverted into glycogen, 
which will be stored anew in the muscles 
and liver. Part of it will yield carbon dioxide 
and water, which will be passed out of the 
body with other waste products. 

The total oxygen debt that can be ac- 
cumulated is strictly limited. It is about 14 
liters of oxygen for a trained athlete. When 
he has piled up the maximum oxygen debt, 
the store of glycogen in his muscles has 
been practically used up and excessive 
quantities of lactic acid have accumulated. 
His muscles are now completely exhausted 
and his legs will buckle under him. 

In the 100-meter dash, much of the 
energy comes from piling UP an oxygen 
debt, since a good sprinter does not take a 
single breath from start to finish. In con- 
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e a popular sport, and is no 
and women of all ages 
marathons. 


Running has becom 
longer a lonely one. Men 
now participate In long-distance 
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trast, in long-distance runs there is a more 
or less steady balance between the output 
of energy and the intake of oxygen. The 
runner accumulates an oxygen debt only in 
the final sprint for the tape. When a new 
record is established, it is often because the 
winner has found a better method — for him, 
that is—of spending both his income of 
oxygen and his borrowed oxygen, so that 
he arrives almost bankrupt at the tape. 


12 


1 


10 


Oxygen 
required 


Recovery: 
2:58 min. run 
2 min. run 


1 min. run 


Oxygen—liters/min. 


(0) 1 2 3 4 5 6 
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RECOVERY PERIOD 


When you stop doin: violent exer- 
cise, your body does not rn at once to 
its normal state. For quite » while, you will 
breathe fast and deeply ir heart will 
pound, and your skin wil! spire. In fact, 
you will not feel up to par ) until practi- 
cally all the oxygen debt h: en paid. The 
period during which this de: is made good 
is called the recovery period 

The longer the heavy e »:cise has con- 
tinued and the more viole: has been, the 
bigger the oxygen debt th. you must pay 
and the longer the recovery neriod will last. 
Physical fitness and trair are exceed- 
ingly important in this c« stion. The fit 
person will have less oxyes debt to pay, 
because he has been more cient in pro- 
ducing mechanical energy He will also 
require less time to pay th- «bt in the re- 
covery period. 

Professor Hill measu in three dif- 
ferent men, the time rec: :ed to recover 
from the effects of marking time at the 
double-quick. For a man 5, it took 20 
minutes for full recovery; {» a 24-year-old 
student, it took 12 minutes ‘or a very fit 
champion swimmer, only § minutes. 

After violent and prolonged exercise, it 
may be an hour or more before the body is 


back to its normal resting state. In our labo- 
ratory, we once recorded the heartbeat of a 
student lying on a bed. We were puzzled to 
find that for nearly an hour his heartbeat 
kept getting steadily slower. The mystery 


The diagram shows the relationship between Oxy- 
gen intake and requirement in three different runs, 
at a constant speed of 23 kilometers per hour, by 
the same individual. The time required for recovery, 
or repaying the oxygen debt, is also indicated for 
each case. The shortest run—the lightest exercise 
—requires the shortest recovery time. The longes! 
run—toughest exercise—requires the longest "e 
covery time. 

Robinson, S. et al, “Influence of fatigue on the efficiency of men during exhaus- 
tion runs,” Journal of Applied Physiology, 12:198. 
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Skiing, especially down- 


hill rcg, consumes six 
to ten times the energy 
need to maintain the 


restin metabolic rate. 


was solved when we found that he had just 


played in a basketball game and that he was 
not fit. 
WA) DEBT 

During the recovery period following 
he: xercise, you will note that you be- 
come very thirsty. The body is serving no- 
tice in this way that it has lost a great deal 
of ter in perspiration during the exercise 
and ‘hat this water debt must be made up. 
The total weight of water lost in this way 
may mount to several kilograms. 


__ ja long-continued heavy work, espe- 
cially in hot surroundings, it is a good idea 
to drink not pure water but water with a 
little salt added. The reason is that, to- 
gether with water, the body has lost a con- 
siderable amount of salt as a result of per- 
spiring freely. 

There does not seem to be any salt- 
craving sensation in the human body, corre- 
sponding to the water-craving sensation, Or 
thirst. This deficiency is really most unfor- 
tunate, since it may cause trouble. For 
example, for many centuries miners used to 
suffer from severe cramps in the muscles. 
Then it was discovered that they simply 
needed salt to make up for the salt that they 
had lost in sweat. When salt was supplied, 
this ailment practically disappeared. 

In very violent exercise, though the 
oxygen debt may be paid back in an hour or 


Clyde H. Smith/Alpha 


so, the muscles may not fully recover for 
days. The body may be stiff and sore, blis- 
ters may form, and there may be other dis- 
tressing symptoms. All this indicates that 
the exercise in question is altogether too 
violent for the sufferer, at least in his pres- 
ent state of training. 


EFFECT OF SLEEP 


It has long been considered that the 
activity of the muscles and the brain and 
nervous system throughout the day results 
in the gradual accumulation, in the body, of 
chemicals that have something to do with 
tiredness, or fatigue. We do not know just 
what these chemicals are, although much 
research has been done trying to find them 
in the blood. The removal of these products 
of fatigue is probably very slow and not 
complete in the usual recovery period we 
have discussed. It is thought that only after 
a good night’s sleep is the body really back 
to normal and ready for another day’s exer- 
cise and work. 

In sleep, the muscles are probably 
more relaxed than at any other time, except 
when the body is under the influence of a 
total anesthetic. The rate of metabolism is 
reduced up to 20 per cent below the basal, 
or resting, level. When we awake at last, 
renewed and refreshed, our muscles are 
ready for the stresses that the following day 


may impose upon them. 
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SLEEP 


By Donald A Laird 
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PREPARATORY STAGES OF SLEEP 


People do not, as a general thing, fall 
asleep suddenly. Instead, they pass through 
certain borderline states between full wake- 
fulness and deepest slumber. These border- 
line stages are the only ones that a person is 
able to observe in himself. 

The preparatory stage is marked by 
drowsiness, yawning, and stretching. It 
becomes difficult to concentrate, particu- 
larly on mental tasks. Drowsiness does not 
overcome every part of the body at the 
same time, but affects the different parts in 
a rather definite sequence. The muscles 
become sleepy first. Then the senses of 
hearing and seeing are dulled. The skin 
Senses seem to be the last to be affected. 

The first muscles to become drowsy 


The human sleep-wakefulness-sleep cycle is due to special networks of neurons located 
in the hypothalamus. The hypothalamus is seated in the lower portion of the brain. 


SLEEP 


are those of the legs. People are said 
to sleep feet first. Muscle languor they 
spreads upward, affecting in turn the 
cles of the trunk, the arms, the neck, 
finally the jaw and face. This sequence 
plains why, once we are in bed, the a 


sect, although the head may b 
side to side in order to dislo 


prevails: we wake up head first. We 
turn the head to look at the alarm cl 
before we are able to reach for the cl 


able to move the arms, the legs are a 
ened. If we get out of bed hurriedly, bet 
the legs have awakened si ficiently, 
feet may become tangled up when wet 


Cortex Hypothalamus 


Cerebellum 
Spinal cord 


viuscle relaxation plays a key part in 
the onset of sleep. When small children 
who «© not want to go to bed become over- 


ly ac ve as bedtime approaches, they are 
probably attempting to fight off this pre- 
liminory muscle relaxation. Long-distance 
truck drivers, airplane pilots, and military 
guar are often instructed to tighten their 
leg «nd arm muscles intentionally when 
they el drowsiness approaching. The re- 
sultis: tenseness of the muscles makes it 


less ely that they will fall asleep on the 
job. 

i muscle tenseness delays the onset of 
sleep. intentional relaxing of the muscles 
shouid help to bring on sleep. Emphasis 
shou.’ be placed on the neck, jaw, and face 
mus. s, which are the last to relax in the 


nor! course of events. Other factors, 
such » a darkened bedroom and a satisfac- 
tory degree of silence, will promote the 
com: of sleep. Because the skin senses 
are ne last to become drowsy, every effort 


shouid be made to avoid stimulating them. 
The ‘ed should be free of lumps, the pil- 
lows should be comfortable and the bed- 


covers should have no wrinkles. 

rtain factors may delay the coming 
of si oo. The stimulation provided by a late 
mystery show on television, or a hard- 
foug. game of chess, or an animated chat 


with friends may be delightful, but it will 
tend to keep us wide awake. Certain drugs, 
such as the caffeine contained in coffee and 
in the cola type of soft drinks, are also like- 
ly to overstimulate us. 


HYPNAGOGIC STAGE 


As the preparatory drowsiness be- 
comes deeper, we enter upon the hypna- 
gogic stage of light sleep. “Hypnagogic 
comes from two Greek words meaning 
“bringing on sleep.” To put it another way, 
we are two-thirds asleep, one-third awake. 
We no longer consciously direct our think- 
ing. We become vaguely aware of peculiar 
ideas. There are fleeting dreams. At times, 
the dream activities of the hypnagogic stage 
seem to be so real that they are mistaken 
for actual fact. This results in hallucina- 
tions. A person is certain he sees things that 
actually do not exist. A sleepy automobile 


driver, for example, may try to steer around 
a nonexistent obstacle on the road ahead, 

In this dream stage of going to sleep, a 
person usually has a vague awareness that 
he is dreaming. Some authorities believe 
that most of the dreams we remember oc- 
cur during the hypnagogic stage. 

These dreams may represent genuine 
creative activity, The words of “The Battle 
Hymn of the Republic” are said to have 
come to Julia Ward Howe while she was in 
the hypnagogic stage of sleep. According to 
the eighteenth-century Italian composer 
Giuseppe Tartini, the violin sonata that he 
called “The Devil's Trill” was based on 
melodies heard in a dream. 

Most of us spend only a few minutes in 
the hypnagogic stage before entering upon 
a deeper form of slumber, in which we 
“sleep like a log.” In the latter stage, ac- 
cording to experimenters, we are not aware 
of dreams, even though we dream, 


DEEP SLEEP 


The depth of the sleep that follows the 
hypnagogic stage has been measured by the 
amount of noise needed to awaken a sleep- 
er. The loudest noise is usually required to 
rouse people after they have been asleep 
for about an hour, It takes almost as much 
noise, however, to waken a person after 
only a half-hour of sleep. This shows that 
we generally go into deep sleep rapidly, 
once we pass from the hypnagogic state, 
After two hours of this deeper sleep, only a 
slight noise may be needed to awaken 
sleepers. i 

Even in deep sleep, there are occasion- 
al movements of the body. Although many 
people imagine that they do not stir during 
sleep, experiments have shown that practi- 
cally all sleepers shift positions many times 
during the night. The shift may be a major 
one, such as turning from one side to the 
other, without awakening. It may be only 
an arm or leg movement, presumably in the 
interests of comfort. During the latter half 
of the sleep period, stomach contractions, 
indicating hunger pangs, accompany body 
movements. 

These movements are usually re- 
corded by a simple apparatus that is at- 
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tached to the top of the mattress. A record- 
ing stylus draws a line on a moving paper 
tape. The line is straight as long as the 
sleeper does not stir. It fluctuates when the 
sleeper moves. The more vigorous the 
movement, the more pronounced the fluc- 
tuation will be. There are usually few shifts 
of position during the first hour or two of 
deepest sleep. After that period there is 
usually a steady rise in the number of 
movements per hour. This is called a cre- 
scendo sleep pattern. 

There seem to be seasonal variations 
in the depth of sleep, as shown by body 
movements. The least amount of move- 
ment takes place in the spring. There is 
most movement in the fall. The reason for 
these seasonal differences is not known. 

Certain peculiar jerky movements of 
both eyes have been noted in sleep. They 
are known as rapid eye movements, often 
abbreviated REM. They have been re- 
corded throughout the night. These move- 
ments first occur about two hours after the 
onset of sleep. Thereafter they come at 
more or less frequent intervals. In many in- 
stances, they are accompanied by dreams. 


Researchers have found this out by awak- 
ening sleepers right ‘after the jerky move- 
ments were recorded. 

About one person out of every eight 
snores pretty regularly when he sleeps. The 
snore is produced by the f ring of the 
soft structures (particularly ‘he soft palate) 
about the mouth and nasa! cavities. Gener- 
ally, a person who snores in his sleep has 
his mouth open and is lying on his back, but 
that is not always the case. Allergy to cer- 


tain substances may cause occasional out- 

breaks of snoring. 

INTERNAL CHANGES DURING SLEEP 
Many changes in the physiological ac- 

tivities of the body occur when one merely 


lies down. Some of these changes have to 
do with muscular relaxation. Others are 
brought about because the pumping of the 
blood is not affected as much by the force 
of gravity as it is in an erect position. 

The total bodily metabolism, as shown 
by calories of energy consumed, is lowered 
when we rest in the horizontal position 
without being asleep. When we sleep in this 
position, it drops about 10 per cent more. 


The movement of the body during sleep can be recorded by an apparatus that is attached 
to the top of the mattress. A recording stylus draws a line ona moving paper tape. The line 


fluctuates when the sleeper moves. 


Got into bed Twitched hand Moved leg 
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Turned on side Coughed Moved head 
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The pulse rate decreases when we lie 
down and keep quiet, while remaining 
awake. It usually slows down even more as 
soon as we fall asleep. Noises in the sleep- 
ing room have been found to speed up the 
heart rate temporarily. It also rises when 
the sleeper shifts his position. 

Blood pressure generally drops most 
during the first hour of sleep. After that, it 
rises slowly, but seldom to the waking lev- 
el. There are exceptions, however. Dreams 
about muscular activity may cause the 
pressure to rise even higher than the wak- 
ing level. Sudden awakening by an alarm 
clock has also been found to cause an 
abrupt jump in blood pressure. If middle- 
aged and elderly people jump out of bed too 
suddenly, the extreme change in pressure 
may affect the heart. 

The distribution of blood throughout 
the body is greatly altered during sleep. The 
blood vessels near the surface of the body 
are slightly dilated, permitting a greater 
flow of blood in the skin. This produces a 
flushed appearance, which can be observed 
even in a person who has fallen asleep 
while sitting in a chair. At the same time 
that blood flow increases near the body sur- 
face, it diminishes in almost all the internal 
organs. It increases, however, in the brain. 

As more blood is shifted to the surface 
of the body in sleep, we become more sus- 
ceptible to chills. Unless we are adequately 
covered, there will be an excessive loss of 
body heat. That is why we need warmer 
covering for the body while sleeping than 
while awake. In regions where the winters 
are particularly cold, it is often desirable to 
have a blanket under the bottom sheet in 
order to lessen heat loss there. 

The internal temperature is lowered 
slightly during sleep. There are also 
changes in breathing. People do not take as 
deep breaths as they do while they are 
awake. This tendency is sometimes used as 
a guide to determine whether a person is 
actually asleep or pretending to sleep. 

Perspiration is greatly increased when 
we are asleep, perhaps because of the in- 
creased blood flow near the surface. This 
increase in sweat is almost up to the level 
caused by strenuous exercise. 


All these widespread changes in bodily 
processes are probably coordinated by 
nerve centers in the hypothalamus, The 
extent to which nerve functions are in- 
volved in sleep is shown by the drastic 
changes in reflex actions, such as the patel- 
lar reflex, or knee jerk. When a normal per- 
son is awake, the leg is jerked forward 
when the lower edge of the kneecap is 
tapped lightly. This knee jerk, it seems, 
cannot be produced during sleep, In fact, 
most bodily reflexes are more difficult to 
touch off during sleep and some seem to 
disappear entirely. The reflexes that regu- 
late the distribution of blood, however, 
become more active than usual. 


FUNCTION OF SLEEP 


Sleep is obviously a restorer, but re- 
searchers have not been able to discover 
the exact nature of the processes involved. 
We do know, however, that after a night of 
deep sleep most people awake feeling re- 
freshed and energetic. We also know that 
when a person is deprived of sleep, he is 
likely to feel certain unfavorable results the 
following day. If a moderate amount of 
sleep is lost, there are no significant effects 
on such physiological functions as metabo- 
lism. Simple mental operations, such as 
adding figures, are usually not affected by 
sleep loss, but the more complex mental 
functions almost always suffer, People also 
react emotionally. They tend to be more ir- 
ritable, or to laugh or cry without apparent 
cause, if they have been on a short ration of 
sleep. After serious sleep loss, they begin to 
have hallucinations. 

The amount of sleep needed depends 
upon the individual. The average require- 
ment is as follows: 


Babies. ->>> 18 to 20 hours a day, 
Grade-school 

children... - ++ 12 to 14 hours a day. 
Adults. ....-+++++ 7 to 9 hours a day. 


Everyone should sleep enough so that he 
can waken in the morning feeling refreshed 
and in condition to do complex mental 
work. A 

Newspapers occasionally carry ac- 
counts of people who claim to have gone 
without sleep for years. When investigated, 
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these claims are shown to be without foun- 
dation. A person who says he can get along 
without sleep usually neglects to mention 
the many naps he takes, perhaps in a sitting 
position, during the day. 

Lost sleep seems to be made up rapid- 
ly. In one experiment, people who had lost 
sixteen hours of sleep because they had 
been kept awake for two consecutive nights 
were allowed to sleep as long as they could 
the third night. They awakened refreshed 
after about eleven hours of sleep. One re- 
calls the experience of the famous U.S. 
aviator Charles A, Lindbergh after his epic 
solo flight from New York to Paris in May 
1927. When he landed at Paris, he had been 
without sleep for three days and nights. Yet 
it took him only ten hours of sleep to catch 
up on what he had lost. 


CONDITIONS THAT RESEMBLE SLEEP 


The hibernation of some animals dif- 
fers significantly from their diurnal sleep 
cycle. In hibernation, the animal draws 
slow and shallow breaths for a time. The 
breathing then becomes faster and deeper; 
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The sleeping patient above is being carefully ı 
itored in a sleep research program. Detaile 
ords are kept of temperature, pulse rate, eye 
tion, and other sleep activities. 


Woodfin Camp 


finally it subsides again into slow, shallow 
breaths. The animal does not store up ener- 
gy during hibernation; instead, it consumes 
its own fat. This is converted into carbohy- 


drate and then burned up to support the vi- 
tal processes, which are at a low level when 
the animal is in this state. 
People who are hypnotized often ae 
pear to be asleep, but this is not the case, 
The knee jerk and other reflexes that dis- 
appear in real sleep are still present in hyp- 


int £ 4 S 
nosis. Most of the other internal be 
occurring in real sleep are also missing. said 
Spiritualist’s trance is similar to hypnosis 


rather than to real sleep. Some anther 
look upon such a trance as a form of self- 
hypnosis. . ae 
Narcolepsy, the “sleeping disease, i 
more closely akin to sleep. A person Wi i 
narcolepsy falls asleep abruptly withou 
preliminary drowsiness. He may be pa 
cards, waiting for a bus, or working iie 
when he suddenly goes into a seen 
State, sometimes without changing his ee 
tion appreciably. This sleep may last wer 
few seconds to twenty minutes. Often a 
Person is not aware later that he had be 


asleep, He seems unable to recall dreams. 
Napoleon Bonaparte, who sometimes fell 


asleep while riding a horse, was probably 
a victim of narcolepsy. Some fatal automo- 
bile accidents have been attributed to the 
disease. It is suspected that it is due to 


some disturbance of the hypothalamus. 

rhe more powerful drugs and anes- 
thetics used to produce unconsciousness do 
not cause real sleep, though the person may 
pass into sleep before regaining conscious- 
ness. The same is true of the milder seda- 
tives and sleeping pills which are used for 
treating insomnia. Some of these prepar- 
ations produce a brief hypnotic effect. 
Others relax the voluntary muscles. 


SLEEP DISORDERS 


The sleep disorder called somnilo- 
quism, or sleep talking, is rather common. 
About 40 per cent of the college students 
who have been examined by investigators 
have been found to talk in their sleep. Usu- 
ally they have no recollection of having 
done so. Sleep talking is considered to be a 
sign of poor sleep and of dream activity. 

Somnambulism, or sleepwalking, is not 
so common as somniloquism. It is probably 
caused by emotional disturbances. 

Night terrors, or pavor nocturnus, are 


Electronic monitoring of a 
subject's brain waves and 
eye movements is basic to 
sleep research. This com- 
plex panel facilitates such 
readings 


attacks of anxiety which are associated 
with distressing dreams, The victim usually 
tosses in bed, and cries or moans without 
awakening. This disorder is more common 
among children than among adults 

Muscle cramps occasionally disturb 
sleep. The best remedy seems to be to 
stretch the cramped muscles by deliberately 
tightening the opposing muscles. In the 
case of leg cramps, walking around the 
room may “untie the knot.” 

Insomnia, or inability to get enough 
sleep, is one of the most common condi- 
tions about which adults consult a physi- 
cian. Insomnia is the inability to fall asleep 
at night, periodic reawakenings throughout 
the night, premature waking early in the 
morning or any combination of the three 
Insomnia is sometimes temporary and due 
to emotional strain. A student, for example, 
may not be + ble to sleep the night before an 
examination that he dreads. Some physical 
diseases are accompanied by insomnia 
The most frequent cause appears to be 
anciety. A depressed person also fre 
quently has trouble sleeping. The typical 
chronic insomniac is too emotionally 
tensed to relax and sleep and generally 
such a person can profit from psychological 


treatment. 
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Instrument panel in a simu- 
lated version of the com- 
mand module of an Apollo 
spacecraft. All of the instru- 
ment arrangements in Apol- 
lo space vehicles represent 
remarkable examples of psy- 
chological research. They 
take into account the per- 
ceptions and abilities of 
the astronaut (shown here) 
so that he can operate the 
instruments properly under 
all possible conditions. 


No NI 
PSYCHOLOGY 


by Donald A. Laird 


The average person browsing through 
a technical article or book on psychology 
may come to think that this science is pret- 
ty far removed from everday life. Nothing 
could be further from truth, for the basic 
concern of psychology is human nature. It 
interests itself in such vital matters as the 
nature of the emotions; the way in which 
our senses become aware of the world 
about us; the problem of learning; and how 
the imagination works. In other words, the 
psychologist is primarily concerned with 
finding out what makes us “tick.” 

Psychology has an unusually wide 
range. Some topics, such as memory, atten- 
tion, learning, imagination, motivation, per- 
sonality, intelligence, and aptitudes, are 
more or less exclusively its own. It overlaps 
with physiology when it deals with certain 
other problems, such as: How do our eyes, 
ears, and other senses perceive the world? 
How are the ductless glands and certain 
parts of the nervous system related to fear, 
anger, worry, and other emotional states? 
How are the central parts of the nervous 
system, especially the brain, involved in the 
higher mental processes of memory. 
learning, and abstract thinking? Psychol- 
ogy encroaches upon the province of phi- 
losophy when it deals with questions like 
these: What is the nature of knowledge? 
How do we know what we know? What 
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determines 


makes thinking logical? \ 


moral conduct? Do we has orn ideas of 
justice, honesty, distance other such 
abstractions? y 

For more than 2,000 y psychologi- 
cal teachings were by-proc fF the spec- 
ulations and reasonings of | sophers. In 
the last century, several Engish and Scot- 
tish philosophers interes themselves 
particularly in the mind a inaugurated 
what became known as “mental philoso- 
phy.” At about the same time certain phys- 
iologists, especially in Germany, began a 
series of experiments on sensations and il- 
lusions and on the speed of nerve inpulses. 


There were soon other experiments on 
memory and the time required for various 
kinds of thinking. 

Modern scientific psychology was 
ushered in when men began to apply the 
physiologists’ laboratory methods to some 
of the problems that had puzzled the philos- 
ophers interested in the human mind. m 
modern psychologist still speculates abou 
human nature. He looks upon his specula- 
tions, however, as hypotheses that have t0 
be either confirmed or rejected by exper’ 
ments. The experimental method of see 
chological analysis has been extended 5 
the study of animal behavior. It has sae 
used to attack such problems as a ert 
roach’s learning and the way in which a SI 


gle-celled paramecium responds to its envi- 
ronm Psychology, therefore, has come 
to cc rn itself with animal nature, as well, 
but is | primarily a human science. 


OBTAINING INFORMATION 


ple draw many psychological con- 


clusions in their everyday talk without real- 
izing they are psychologizing, or mak- 
ing guesses about human nature. Some per- 
sons example, consider it a waste of 
time study before going to bed. Others 
mai that children with no brothers or 
sist re always selfish. Scientific psy- 
cholovists look upon conclusions such as 
thes hypotheses. They devise experi- 
mer discover whether a particular con- 
clus has a good chance of being gener- 
ally for human nature. To do this, they 
use recognized methods of science. 
The »serve systematically under con- 
trol onditions and they measure care- 
fully. (hey repeat observations many times 
in order to be certain that the first observa- 
tion re not in error. They are always on 
the lookout for negative instances. The 
findings have to be summarized. Their 
general plausibility has to be checked by 
logic and mathematics. 


THE INTROSPECTIVE METHOD 


he method of observation known as 
introspection is seldom used in any other 
science but psychology. When we speak of 
introspection, we mean that an individual 
carefully observes his own mental pro- 
cesses as they take place. He turns his at- 
tention inward to analyze his feelings, sen- 
sations, or thoughts. Introspection was the 
chief method used in psychology whenit 
first developed as an infant science. 5 

Using introspective methods, Sir 
Francis Galton discovered how people 
differ in their powers of mental imagery, or 
the process evoking mental images. He 
asked his acquaintances to think back to 
breakfast time and to introspect about the 
clearness of the mental images they could 
call to mind. A few people could “see 
table in their “mind's eye” as clearly as in 
real life. Others could not form visual m 
ges, although they could “hear the rat- 


Why it is important to set up effective patterns for 
dial pointers. The pointers in A are in the normal 
condition, pointing every which way. The pointers 
in B, also in the normal condition, are all aligned in 
the same direction (horizontal). It takes as long to 
check the positions of the 4 pointers in A as to 
check those of the 32 pointers in B (0.5 second). 
Graph C indicates the relative times required to 
check read various numbers of dials of aligned and 
unaligned types. 


Adopted by permission from diogroms prepared by Aeorspoce Medical Divi- 
sion’s 6570th Personnel Research Laboratory, Lackland AFB, Tox 


‘CHECK-READING TIME IN SECONDS 


NUMBER OF DIALS 
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tling of the chinaware. A very few could 
imagine the odor of the coffee, but most 
were weak in images of odor and taste. 

Selman A. Waksman, the discoverer of 
many antibiotics, found that he had faint 
imagery for sounds, but vivid imagery for 
sights, He applied this introspective infor- 
mation about himself by learning from 
books and demonstrations rather than from 
lectures. He realized that the only way he 
could learn from lectures was to write out 
detailed notes. Later he could “see” his 
written notes clearly just by thinking about 
them. 

During the 1920s, a heated controversy 
was started by the U.S. psychologist 
John B. Watson, who urged that introspec- 
tion should be discarded and only objective 
methods used to study human behavior, 
This controversy ended in a compromise. 
Psychologists now use objective methods 
whenever possible. But they supplement 
these methods by introspection to provide 
subjective, or “inside,” information. In this 
way, they can obtain a well-rounded idea of 
human behavior. 


THE EXPERIMENTAL METHOD 


The experimental method is far re- 
moved from introspection. It consists of 
setting up controlled situations either inside 
or outside a laboratory. It is essential to 
vary one factor, or more, in the situation 
and to analyze the human responses when 
the factor, or factors, are varied. 

It is quite simple to measure a person’s 
responses in some instances. For example, 
the armed forces have employed psycholo- 
gists to find out which types of instrument 
dials are best for use in airplanes. The re- 
sponse that is to be measured is the ac- 
curacy of the pilot in reading the dial at a 
brief glance. The chief variable is the type 
of dial. Secondary variables include condi- 
tions of lighting, vibration, and the pilot’s 
“freshness” or fatigue. 

In many cases, however, it is difficult 
to analyze the human element. For exam- 
ple, neighborliness or the relationship be- 
tween intelligence and school grades can- 
not be measured as simply as a pilot’s accu- 
racy In reading a dial. In attacking complex 


PSYCHOLOGY 


problems, the experiment 


psychologist 
has to spend a great deal o i 


© in devising 


reliable methods to meas: \uman reac- 
tions. This type of psycholor cal study has 
been helped greatly by nees in the 
mathematics of statistics probabilities 
since about 1925. 

Experimental psycho owes much 
to the pioneer efforts of Sir iald A. Fish- 
er, an English geneticist, in ying mathe- 
matical methods to the se! up of experi- 
ments. He made it possible esign exper- 
iments in such a way tha influence of 
different variables could by ntrolled. Sir 
Ronald’s methods have b: f great use 
in all sciences, but they h ‘ielded par- 
ticularly fruitful results ie field of 
psychology. 

THE STATISTICAL APPRO 

Are people who live mall towns 
more neighborly than thos: ng in big cit- 
ies? Standards for meas neighborli- 
ness are needed to get an a! r. The ama- 
teur might be satisfied to j that people 
in big cities tend to be only shtly” neigh- 
borly, while those in small te wre “more 
neighborly. But how much is the difference 
between “slightly” and “more”? This ex- 
ample shows the need for summarizing ob- 
servations by means of a calculated num- 
ber called an index number, or average. 

An average, or mean, is the simplest 


Statistical application to such problems. 
How old is the average child when it starts 
to talk? The mean will tell us. Compiled 
observations show that the average one- 
year-old says a few words, but does not 
seem to know their meaning. The average 
year-and-a-half knows more words, an 
uses many of them properly. By age two, 
the average child can use sentences, an 
asks an average of sixty questions a day. 

A large number of subjects have to be 
observed for each age to find an oes 
that is trustworthy. Only a few children wi 
be exactly at the average for their ae 
Nearly half will be above it, and an equal 
number will be below it. d 

The amount of scattering above an 
below any mean has to be taken into con 
sideration. A mean is obviously not trust- 


Diagram illustrating correlation. 
Fort me subjects were given a 
test o' susceptibility to hypnotism 
on two Separate days (Days 1 and 2 
in the diagram). A score from 1 
through 13 was given for each test, 
as indicated on the sides of the dia- 
gram h of the 49 subjects is 
represented by a vertical mark ina 
given dox in the diagram, the box 
indi 1g the scores that he made 
in the wo tests. For example, the 
subj indicated by the arrow had 
a sce {11 on the first day and 5 
on the second. If all 49 subjects 
had identical scores—say 2 or 5 or 
8—on ‘he two days, all the vertical 
mar would be located in the 
shag boxes, showing perfect 
corr on between the two sets of 
test ilts. As it is, the degree of 
correlation was high. Most of the 
vert marks are concentrated in 
the boxes between the solid lines, 
indicating a difference of not more 
than 1 point in the scores for the 
two test series. 


Adar mission from diagram in Hilgard, Introduction to Psychology, 


Hore 


Jovanovich 


worthy if the scattering is great. The de- 
gree of scattering can be measured statisti- 
cally by formulas for computing the stan- 
dard deviation and error of estimate. When 
averages are compared for different groups, 
the standard deviations indicate whether or 
not the differences are significant. p 
Averages and indexes of scattering 
give the psychologist a basis for scaling, or 
arranging in a graduated series. This gives 
numerical values for such intricate qualities 
as neighborliness, or prejudice, or intelli- 
gence, or other such characteristics. The 
numerical values used in these psychological 
standards should indicate steps of equal 
distance along the scale. School marks giv- 
en by teachers, by way of contrast, are not 
computed in scaled units. The gite 
between a grade mark of 80 and 85 may be 
much greater or much less than the differ- 
ence between 90 and 95. r 
Correlation is another important statis- 
tical method widely used in psychology- 
Correlations measure the degree to which 


one variable is related to, or dependent 
upon, another. A correlation of 1.0 means 
that the two variables are completely de- 
pendent on each other. The correlation 
between college marks and intelligence 
averages about 0.60. This shows, for one 
thing, that the relationship between marks 
and intelligence is not due to chance. It also 
leads to the conclusion that while intelli- 
gence does count, other factors are also 
exceedingly important in determining col- 
lege grades. $ } 
Correlations are especially useful in 
helping to decide if a conclusion is likely to 
be generally true, or true for only some 
special instances. They also serve to evalu- 
ate the importance of various achieve- 


ments. 
CASE-STUDY METHODS 

In many instances, psychological in- 
formation is obtained by analyzing the life 


history of people who have some predomi- 
nant hare tonstics This was the method 
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Adapted by permission from Stagner & Karowski, Psychology, McGraw-Hill 


How our senses may mislead us when they try to 
adapt to a particular situation. Hold your hands 
about 25 centimeters in front of the eyes, with fin- 
gertips touching. Gaze beyond the fingers to a dis- 
tant object. Slowly draw the fingertips slightly 
apart. A piece of finger will seem to be floating in 
midair. 


used by Sigmund Freud when he collected 
the data on which he founded his system of 
psychoanalysis. In studying the develop- 
mental, or life, history of people who were 
stingy, for example, he noticed that many of 
them had been weaned unusually early in 
infancy. This led him to conclude that those 
who had been weaned early tended to 
become miserly as adults. 

Case-study methods have helped re- 
veal the factors that shape the nature of an 
individual. This is particularly true in such 
unusual conditions as mental disorder, 
crime, delinquency, and psychosomatic 
disorders (mentally caused bodily dis- 
orders). Conclusions from case-history 
Studies are usually looked upon as tenta- 
tive. They must be confirmed by experi- 
mentation and statistical analysis. 

By applying the methods of introspec- 
tion, experimentation, Statistical analysis, 
and case-history study, psychologists have 
amassed a vast amount of information 
about human nature. We shall now consider 
some of their findings. 


BECOMING AWARE 


SENSATION AND PERCEPTION 


The fundamental Principles that hold 
true for human nature, in general, fo-m the 
basis of general psychology. This science 
deals with the ways in which people be- 
come aware of their world and hoy. they 
react to it. 


The simplest forms of awareness of 
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To a Gestalt psychologist, th ption of one 
element in a situation depen ) its relation- 
ship to the other elements in ation, Thus if 
each of the profiles in the ab wing were to 
appear by itself, each would | profile only, 
But in the drawing, we see « ) dark faces 
against a white background € vase against 
a dark background 

our world come about by f the chan- 
nels of sensation that we he senses. 
These psychological fact: ere among 
the first to be experime: studied. It 
was believed at one time there were 
only five senses—seeing, ig, tasting, 
smelling, and touching ospections, 
confirmed by clinical an hysiological 
studies, have shown that list is quite 
incomplete. Taste really sts of four 
separate sensations — sweet. sour, salt, and 
bitter. There are distinct scr sory cells, or 
receptors, on the tongue for each of those 
four sensations. In adults, the only taste 
buds sensitive to sweet are near the tip g 
the tongue. The taste buds at the back o! 


the tongue are sensitive only to bitter. Of- 
ten what we ordinarily call “taste,” such as 
the “taste” of coffee, is really a mixture of 
taste and smell. When the nostrils are closed 
and the coffee is not smelled, it tastes bitter. 

What we call “touch” is also actually 
made up of four distinct senses — warmth, 
cold, pressure, and pain—which are now 
called the skin senses. Each of these skin 
Senses has its own separate sensory ee 
or end organs, scattered throughout t 
body surface. These receptors are not scat- 
tered uniformly. The fingertips are mu? 
More sensitive to pressure than is the han 
of the hand, and the middle of the back ! 
the least sensitive. 


portant sensations, of which many 


per are not usually aware, are derived 
from ‘he muscles and joints, and also from 
the nicircular canals in the inner ear. 
TI snsations from muscles and joints 
are lled kinesthetic, because they give 
us information about active bodily move- 
me “Kinesthetic” comes from two 
Gr words meaning “perception of 
movement.” The sensations from the semi- 
circular canals inform us about the overall 
me of the body, and they also guide us 
in taining equilibrium. 


here are very few sensations from the 
internal organs or passages. The throat has 
receptors for warmth, and will give a burn- 
ing sensation when overly hot food is swal- 
lowed. If, however, the same hot food is 
swallowed quickly, the warmth will no 
longer be sensed after the food is halfway 
into the stomach. The internal organs seem 
to be sensitive only to stretching or tearing. 
The sensation of hunger is associated with 
powerful automatic contractions of the 
empty stomach. The sensation of thirst 
comes from extreme dryness of the throat. 
Our sensations do not always give us a 
correct impression of the world about us, 
for there are dozens of illusions, or false 
sensory impressions. Vertical lines look 
longer than they are. It is difficult to judge 
whether an unseen source of sound is di- 
rectly in front of us or directly behind us. A 
pinpoint of light seems to move and form a 
line when viewed in a dark room. Motion 
pictures are illusions: they are actually a 
rapid sequence of still pictures. 


The eye is deceived into esti- 
mating that the center circle 
in A is larger than the corre- 
sponding center circle in B, 
though actually both are of 
the same size. The reason 
for this is that the eye esti- 
mates the size of an object 
by contrasting it with the 
sizes of the objects that sur- 
round it. 


When the senses are fatigued or when 
they adapt themselves to a given situation, 
they often mislead us. The sensory cells for 
tasting and smelling tire rapidly, so that a 
strong odor soon comes to seem faint, and 
then is not sensed at all. A pickle tastes 
sourest after we eat something sweet. The 
skin senses also shift rapidly. A strong pain 
may become faint as the stimulus is con- 
tinued, After a hand has been held in ice 
water for a couple of minutes, there will be 
a sensation of warmth when it is dipped in 
water that is at room temperature. 

Perceptions are higher up in the scale 
of our responses than sensory experiences. 
Perceptions are the meanings we get from 
sensory experiences. We sense a series of 
sounds and perceive that they are the voice 
of an acquaintance, or Beethoven’s Minuet 
in G, or something else that has a meaning 
for us. 

The span of an individual's perception 
is limited. In reading, we can catch the 
meaning of only about a half-dozen words 
at a time. We can pay attention to only two 
or three people at a time in a social group. 
Our perceptions are selective, as well as 
limited. We heed the stimuli that interest us 
most or that happen to be so intense that 
they force themselves upon our attention. 
We usually do not notice the sensations 
caused by our clothing or coming from our 
muscles and joints. In a social group we are 
most likely to perceive the voices of 
friends. We tend to ignore the voices of 
those who are strangers to us, unless these 
voices happen to be loud. 
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This diagram shows the Progress of an apprentice telegrac 
ges. Note the “learning plateaus” — p: 
gain in skill. The diagram shows the results of one of severe 
learning curves carried out by Noble Harter toward the enc 
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in learning to 
is of little or no 
experiments on 
* the nineteenth 


in 
century. These experiments represented a landmark in ressarch on learning 


curves. 


The meanings we derive from our sen- 
sations have been slowly built up by our 
previous experiences. John Locke pointed 
out, nearly 300 years ago, that we do not 
have innate ideas of such perceptions as 
“roundness,” “squareness,” “distance,” 
“honesty,” and so on. Such meanings are 
acquired from experience. The more expe- 
rience a person has, the richer the meanings 
will be. A common example is the way mu- 
sic or literature “grows on one” as one be- 
comes more familiar with it, 

In recent years, certain Psychologists 
have called attention to the importance of 
the total situation in determining what our 
perceptions are. These Psychologists 
formed the school known as Gestalt psy- 
chology. Gestalt is a German word mean- 
ing “form,” or “pattern” or “organization 

into an integrated whole.” According to 
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Gestalt psychology, meaning is the result of 
all the forces at work in forming a at 
perception. A piece of white paper, a 
example, is perceived as whiter when wer 
against a black background. The way “tl 
react to the phrase “Don’t be funny w 
depend upon whether we like or dislike 
person who says it. 


LEARNING AND MEMORIZING 


In learning, remembering, and pam 
the sensory nerves may play only an in is 
dental role. Learning, broadly speaking, 
the ability to profit from past a eee 
very young child learns not to touch a 
radiator, because it burns him. Di thiis oe 
the unpleasant sensation of burning is fe 
direct stimulus. A few months later a 
learns to keep his hands off all ol s$ sa 
which his parents call “hot.” The 


“hot” thi comes a substitute stimulus 
for the ac sensation of burning. In this 
condition esponse type of learning, a 
substitute mulus becomes almost as ef- 
fective a natural sensation. Sensory- 
motor le g, in which action is directly 
governec sensation, is more complex. It 
is the ba many skills, such as typewrit- 
ing, play muscial instrument, and doing 
various ne operations in factory and 
office. | ional learning, involving the 
acquisit of ideas, is considered the 
highest The study of grammar, for 
example olves ideational learning. 


Sor neral laws of learning have a 


wide aj tion. According to the law of 
effect, iing becomes easier when the 
respon: ings satisfying or pleasurable 
results t is slowed down when the re- 
sults ar inoying or unpleasant. School 
children ‘carn how to add faster when they 
are pra | for getting correct answers than 
when are reproved for getting the 
wrong answers. According to the law of 
exerci yr frequency, the more times a 
new response is repeated, the better it is 


learned. This is illustrated by practice in 
typewriting or on a musical instrument. 

The rate at which a person acquires a 
new skill is called his learning curve. It typ- 


Emotions are expressed in many ways. | 
gists study emotional stimuli and how emo 


is, Rapho/PR 


Sherry Suri 


ncluding fa! 
tions are expre 


ically shows a little gain in speed and a 
steady increase in accuracy with successive 
weeks of practice. The rate of gain is not 
uniform from one week to the next. The 
gain is usually greatest in the first couple of 
weeks. After a few weeks of practice, it 
may become so slight that the learner is 
temporarily discouraged. These occasional 
periods of no gain, or possibly actual slump, 
are called plateaus in learning. A plateau 
usually indicates that a person should prac- 
tice in a different way. It does not neces- 
sarily mean that he is incapable of further 
progress. 

We generally gain speed faster if we 
space out our practice periods. A spaced 
practice of a half hour each day tends to be 
more effective than a concentrated practice 
of three hours one day in the week. Con- 
centrated practice may cause a plateau. 

Learning is helped when the learner 
plays an active rather than a passive part. 
Reciting a lesson is better than merely 
hearing someone else recite. It is better to 
take notes of a lecture than to simply listen 
to it. eiA 

Overlearning is important if learning is 
to last a long time. Overlearning means 
or review, than is needed to 


more practice, i d 
topic. If a child practices 


barely master a 


cial expression. Psycholo- 


ssed or controlled. 


Ropho/PR Bob Combs, Rapho/PR 
opho/ 
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the multiplication tables after he has barely 
learned them, he will remember them long- 
er. A large part of school learning slips 
away after graduation because it was not 
overlearned in school. 

The laws of effect, exercise, spaced 
practice, and overlearning all apply to mem- 
orizing. We can learn things by heart more 
easily if we adopt certain simple pro- 
cedures. Trying to remember makes re- 
membering easier. Getting a clear percep- 
tion of what is to be memorized also helps. 
This is done by directing attention sharply 
on the object or fact to be remembered and 
keeping it directed in this way for some 
time. Forming mental associations with the 
new object or fact gives it more meaning 
and thus increases the chances of recalling 
it later, for meaningful memories last the 
longest. Pleasant associations often cause 
impressions to be better remembered. 

The German psychologist Hermann 
Ebbinghaus found that facts are forgotten 
with great speed within a few hours after 
they have been memorized. The curve of 
forgetting shows that we are likely to forget 
more during the first day after memorizing 
than we do in the following thirty days. 
This can be applied in studying. Lessons 
can be reviewed the day after they are first 
Studied, to offset the rapid initial forgetting 
that seems to be inevitable. 


THINKING 


Thinking ranges from simple day- 
dreaming all the way to creative problem- 
solving. Our mental activities of sensing and 
perceiving depend upon some external 
stimulus, but the higher mental processes 
called thinking are usually touched off in- 
wardly. 

Recollecting calls previous experi- 
ences to mind and starts off a chain of men- 
tal associations. We may begin by recalling 
a demonstration of the laws of inertia in 
physics. This suggests an automobile acci- 
dent where the brakes failed, which in turn 
suggests a hospital, and so on. Neither auto- 
mobiles, nor brakes, nor hospitals have 
been pointed out to us by our senses. They 
have been present only as mental images. 

Jumping from one thought to another is 
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an illustration of free ass. “On, or uncon- 
trolled thinking, a char ristic of day- 
dreaming. Most human king is of this 
uncontrolled, or mind-wa 1g, type. 
Directed, or proble, ing, thinking 
is considered the highest Our thinking 
is directed when we pla it to do this 
weekend, though we m: se into day- 
dreaming about it. Prot solving is in- 
volved when the houses lans how to 
use leftovers for a meal en a student 
decides what courses to t: `xt year, The 
highest forms of problen ing thinking 
revolve around meani: nd concep- 
tions—abstractions rathe 1 images of 
concrete things. A very tical person 
might think in concrete im of a particu- 
lar physical movement 1s seen. A 
scientist, viewing the sa vent, would 
possibly muse about the s of inertia. 
Problem-solving proceec imagining 
new relationships betweer \bstractions. 
Often a new relationship i overed by a 


sudden flash of insight. 
In talking about perception, memory, 


and thinking, I may have given the impres- 
sion that they are separate faculties. The 
terms “perception,” “r ry,” and 
“thinking” are simply labels for mental 
functions that are singled out for study, one 
at a time. Actually, these functions are 
intertwined and interrelated, for we per- 
ceive, memorize, and think all at the same 
time. 

As a matter of fact such functions are 
not really faculties at all. If we are to be 


Strictly scientific, for example, we should 
not use the word “memory.” It would be 
More accurate to use the word ‘“‘remember- 
ing,” which simply implies that certain 
brain cells are at work in a certain way. In 
like manner, it is more correct to speak 0 
Someone as acting intelligently rather than 
as having intelligence. i 

A comparison with muscles will make 
the point clearer. Walking, dancing, pulling 
and lifting are all activities, or functions, 
performed by muscles. We do not have one 
muscle for walking and another for danc- 
ing; walking and dancing are simply dif 
ferent activities of the same muscles. Simi- 
larly, mental activities such as remember- 


ing or thini =g involve different activities of 
the same e cells in the brain. 
FEELING DITION, MOTIVATION, AND 

FRUS \TION 

The isantness or unpleasantness 
that accor aies many sensations and per- 
ceptions alled feeling tone. A sweet 
taste is lly pleasurable, but it may be 
unpleas: it is intensely sweet. Similar 
pleasant pleasant feeling tones accom- 
pany th ier sensations. As a rule, ex- 
tremely ase sensations tend to arouse 
unpleas eelings. Feeling tone may also 
be arot »y the recollection of previous 
experic We probably have very few 
mental es that are neutral in feeling 
tone. 

Th asantness or unpleasantness is 
generally a subjective experience, observed 
by intr ction, but this is not always the 
case. Muscles relax when there are pleas- 
ant feelings, and become tense with un- 
pleasant ‘celings. We adopt a definite type 
of bodii posture when we approach a 
pleasant stimulus or when we withdraw 
from an unpleasant one. 


Emotions are similar to feeling tone in 
that they are pleasant or unpleasant. They 
are mu more intense, however, since 
they represent stirred-up states of mind. 
Fear, anger, love, surprise, disgust, and 
contempt are examples of emotions. Bodily 
changes are marked when one is in an emo- 
tional state. Moderately strong emotions 
are considered beneficial, but intense emo- 
tions often block thinking and produce irra- 
tional behavior. 

The stirred-up condition and the corre- 
sponding bodily changes are inborn re- 
sponses. However, learning plays a large 
part in determining what situation is to 
touch off the emotional response. For 
example, some people acquire a condi- 
tioned response to lightning, SO that they 
are in a panic when they listen to an an- 
nouncer forecasting a thunderstorm. Most 
of the situations that arouse our emotions 
are not natural stimuli. They are substi- 
tute stimuli to which our emotions have 
been unintentionally conditioned. ; 

When psychologists speak of motiva- 


DETR 
Sponholz, Univ. of Wisconsin Primote Lab 


A fascinating series of experiments conducted by 
Dr. Harry Harlow, an expert in animal psychology, 
showed that baby rhesus monkeys would accept 
substitute mothers made principally of wood, wire, 
and terry cloth. The soft and yielding cloth of the 
“mother” provided “contact comfort.” 


tion, they have in mind the various needs 
and desires that make us want very much to 
do a certain thing. We may be motivated 
temporarily by perceptions, such as hunger 
or thirst, that drive us to neglect other ac- 
tivities in order to eat or drink. We are mo- 
tivated positively when we are drawn into 
activities we find pleasurable, and nega- 
tively when we avoid unpleasant things. 
Scientists believe that the principal 
motivation in animals comes from physio- 
logical needs connected with hunger, thirst, 
sex, and the emotions. The motivations that 
seem to have the most pronounced long- 


term effect in human behavior seem to de- 
iations with 


velop from our social associ 
other humans. People who “belong to the 
same crowd” usually share many motives. 
One closely knit group of teen-agers may 
be motivated to get good school marks, 
another to have fun, another to win more 
social prestige, and so on. 

Research in social psychology indi- 
cates that a widespread motive at the pres- 
ent time is the desire to be popular with 
others. The increase in this motive has been 
attributed to social changes resulting 
from the growth of the population and the 
increased industrialization of our culture. 
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The right motivation has been found 
important in determining achievement. One 
reason why intelligence tests correlate only 
0.60 with college marks is because some 
highly intelligent students are not motivat- 
ed to study hard, while some with lower 
intelligence work hard for good grades. 

The phrase level of aspiration refers to 
the intensity of a person’s motivation in a 
certain effort. People with high levels of 
aspiration are sometimes overmotivated. 
This leads them to become overemotional 
about possible failure when they reach a 
plateau in achievement. 

Frustration is a stirred-up state of 
hopelessness. It results when a person is 
prevented from reaching some level to 
which he aspired or when he is prevented 
from satisfying his physiological needs. 


PERSONALITY 


Personality is the end result of the typ- 
ical ways in which a person reacts: the 
product of his motivations, emotions, 
feeling tones, style of thinking, and atti- 
tudes. Personality is partly inborn, partly 
acquired. Such biological factors as the 
endocrine glands and the nervous system 
are largely responsible for the inborn as- 
pects. The acquired aspects are picked up 


chiefly from the people with whom we 
associate, 


Parapsychology is one of the specialized fields of 
study within psychology. Here a young child is be- 
ing tested for ESP, or extrasensory perception. 


Institute for Parapsychology, Durham, North Carolino 
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There are certain cł in personali- 


ty as we pass from « le to decade 
through life. They usual ect the ways 
in which we have respor ) frustrations, 
As a rule such changes ar t. 

The American psy st Raymond 


B. Cattell has drawn up 
mary traits, or source 

complete picture of a px 
Each trait represents a 
one extreme to another imple, from 
independence to dependi om maturi- 
ty to childishness. T} ige person 
would be midway betw i€ two ex- 
tremes in the case of a giv t 

Here are his twelve ; 


twelve pri- 
hich give a 
personality. 
inging from 


traits: 


l. Participating rangir Withdrawn 
2. Clearheaded “ Dull 

3. Mature j Childish 
4. Dominant submissive 
5. Enthusiastic Vlelancholic 
6. Sensitive Poised 

7. Socialized Boorish 

8. Independent Jependent 
9. Adventurous earful 
10. Fatigued Vigorous 
11. Excitable Phlegmatic 
12. Accepting Suspecting 


THE SCIENCE OF PSYCHOLOGY 


The body of psychologica! knowledge 
has become so large that no one person can 
be well informed in all fields. Specialization 
has become inevitable. 


SPECIAL FIELDS 


Here is a summary of some of the spe- 
cialized fields of psychology: > 

Physiological psychology deals with 
the biological factors that help shape hu- 
man nature. The early work in this field was 
mostly concerned with the structure of the 
sense organs and their connections with the 
central nervous system. About 1915, 
Walter B. Cannon called attention to the 
role of the endocrine glands, especially 
the adrenals, and the autonomic parts of 
the nervous system in emotional states. 
Physiological psychology also deals with 
the electrical activity of the nerves and 0 
the brain itself in various mental states. 


ena express their 
ideas an igs throu 

What ac sosis in ohpen 
tivities < eatly help a psy- 
chologi understand the 
child's € »nal development 
and any ams that exist. 

D ntial psychology concentrates 
on the erences between individuals in 
abilitic d in mental makeup. This field is 
at the ov posite pole from general psycholo- 
gy, wt deals with ways in which most 
people «i alike. Conditions such as color 
blindne:« belong to the field of differential 
psychoicey. The major work, however, is 
in less spectacular individual differences, 


such as those in intelligence, mechanical 
aptitude. and personality. This field is also 
concerned with the extent to which dif- 
ferences are inborn or acquired and how 
they can be altered by training. 

Child psychology was one of the first 
special fields to be cultivated intensively. It 
studies the nature and development of indi- 
viduals from birth through adolescence, Or 
the teen years. The findings in this field 
have had a profound influence upon child- 
rearing teachings and educational practices. 
Our earlier examples of norms for learning 
to talk were taken from this field. 

Educational psychology uses psycho- 
logical approaches and methods in dealing 
with education from the kindergarten 
through graduate college. It is generally 
regarded as the oldest application of psy- 
chology. The first psychologist to devote 
full time to this work was Edward L. 
Thorndyke. 

In educational psychology, the PSY" 
chology of learning and memory and of the 
thought processes is widely applied. Psy- 


Federation of Jewish Philanthropies 


chological methods are used in testing for 
individual differences and also in measuring 
the results of various educational practices. 
The psychology of the emotions and per- 
sonality is applied to help students develop 
better mental health. 

Intelligence testing measures the all- 
around mental “horsepower” of an individ- 
ual, The first series of intelligence tests 
was developed by the French researchers 
Alfred Binet and Théodore Simon in 1905. 
In 1916, Lewis M. Terman, Stanford Uni- 
versity psychologist, and his colleagues 
introduced large-scale measuring of intelli- 
gence in the United States. Today intelli- 
gence tests are widely used. The most 
commonly used tests are given in groups, 
and require the ability to read and write. 
There are performance tests, however, 
which do not depend upon reading or writ- 
ing. In all, there are several hundred dif- 
ferent tests, including those for personality, 
emotions, prejudices, muscular skills, inter- 
ests, and artistic judgment. The sale of test 
materials is noW restricted to people who 
trained to use and interpret them. 

Animal psychology uses objective, or 
behavioristic, methods to study learning 
and rather simple psychological functions 
in animals. Experimenters have found 
that animals generally use trial-and-error 
methods, although some chimpanzees have 
occasionally shown signs of insight in solv- 
ing problems. Some questions in physiolog- 
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ical psychology can be studied by surgery 
on the glands or nervous systems of ani- 
mals. Most of the work in animal psycholo- 
gy is on theoretical problems. One team of 
animal psychologists, however, specializes 
in training small animals to perform. 

Legal psychology deals with the accu- 
racy of testimony and with psychological 
factors in crime and delinquency. Many 
prisons have staff psychologists who are 
occupied with the rehabilitation of prison- 
ers. Lie-detector tests, which register bodi- 
ly changes associated with the emotions 
when lying, have received much publicity 
in crime detection, but are not generally 
accepted by courts as legal evidence. 

Vocational psychology helps a person 
choose a vocation in which he is interested 
and for which he has marked ability. It fol- 
lows him through the training period and 
finally helps him make a satisfactory adjust- 
ment on the job. 

Industrial psychology applies psycho- 
logical methods and information to factory 
and office work. It deals with job-training 
methods, fatigue reduction, efficient work 
procedures, worker motivation, morale, the 
selection of workers, and advertising and 
selling. This field has been expanding rap- 
idly, and there is much specialization. 

Clinical, or abnormal, Psychology is 
closely related to psychiatry. Clinical psy- 
chologists specialize in the study and treat- 
ment of mental disorders. More psycholo- 
gists are engaged in this field than in any 
other specialized field at present. 

h Parapsychology, formerly called psy- 
chic research, deals with mind reading, 
thought transference, and extrasensory 
perception, or the perception of objects that 
are not present to the senses. Only a few 
psychologists are active in this field, but the 
general public shows great interest in it. 
There has been much well-planned re- 
search, but to date there is no generally 
accepted proof of the existence of mind 
reading and similar powers. 

Social psychology is concerned with 
the way groups develop and function and 
with the influence of group membership 
upon the mental life of the individual. In a 
group, people are associated and interact 
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with one another. The name “group” is 
applied not only to clubs | societies, but 
also to neighborhoods. ssrooms, and 
homes. The field of soci: ychology has 
been expanding rapidly ely by using 
methods of psychologic: ‘surement to 


interactions, 
ıp dynamics 


study group forces 
Human relations and 


are offshoots from social iology. They 
deal with factors that ma! harmonious 
relations, not only betw: he members 
within one group but als een various 
groups. Since 1950, more a dozen re- 
search centers have bee iblished in 
these fields at leading ur ties. Their 
findings have already re ionized our 
ideas of leadership. The > indicated 
ways to bring about gre mony be- 


tween groups and lessen p eS, 
Engineering psycho! ergonomics 


(from two Greek words ning “work 
Management”), and huma» rs are three 
closely related fields, brought into being by 
automation and the space : Fheir objec- 
tive is to design equipme: hich will be 
best adapted to human requirements. Thou- 
sands of man-hours of psychological re- 
Search are required, for example, before a 


manned space vehicle is launched. 
HOW TO BECOME A PSYCHOLOGIST 


The training of modern psychologists 
includes not only a number of courses in 
psychology but also an adequate grounding 
in physiology, anatomy, physics, and soci- 
ology, and a study of research methods, 
Particularly the mathematics of probabili- 
ties. A psychologist’s training usually re- 
quires three years of concentrated graduate 
study after completeing the ordinary col- 
lege course. It leads to the degree of doctor 
of philosophy (Ph.D.). Ph.D.’s in clinical 
Psychology usually spend an extra year as 
interns in mental hospitals or clinics. | 

In our discussion of the bole 
branches of psychology, we have dealt ne 
some of the important fields in which fully 
qualified psychologists serve. There are 
also many job openings for people with a 
master’s degree in psychology, such as in 
giving mental tests in employment offices 
and school systems. 


PS ‘CHOSOMATIC MEDICINE 


by James Hassett 


Afi ll coach knows the team’s fans 
blame hi r the losing season. He worries 
that he be fired. His ulcer begins to 
bleed. 
an A r is caught in a traffic jam. An 
injured ent waits in the hospital for an 
operati rhe doctor’s blood pressure 
rises. 

A id hates his older brother but 
keeps inger hidden behind a smiling 
face. Forty years from now, he may suffer 
from a itis. 

Ul . high blood pressure, arthritis— 
these physical illnesses. But they can 
be cau by mental and emotional prob- 
lems. ergies, skin rashes, headaches, 
and diarrhea can also be caused by emo- 
tional blems. 

Physical illnesses in which mental 
conflicts play a role are known as psychoso- 
matic diseases. The term combines the 
Greek roots psyche, meaning soul or mind, 


and soma, meaning body. Many people 
misuse the word psychosomatic. If a girl 
gets a stomachache before a big date, her 
brother may smile knowingly and say, “It’s 
psychosomatic.” True, her nausea is psy- 
chosomatic, but that makes it no less real. 
To tell her that “‘it's all in your head” is 
quite inaccurate. The problem may begin in 
the brain—in this case, with some uneasi- 
ness about a date—but this is only the be- 
ginning of the story. Messages from the 
brain to other parts of the body lead to 
physical problems—in this case, to a feeling 
of nausea. 

There are, of course, people who fake 
physical problems to avoid responsibility. 
Such individuals are not suffering from 
psychosomatic disorders. Other people 
may have physical symptoms with no Or- 
ganic basis. A person may become blind, 
deaf, or paralyzed despite the fact that there 
is nothing wrong with his body. Such pa- 
tients are said to be suffering from hysteria, 
a type of severe neurosis. Again, this is not 
a major area of psychosomatic medicine. 


: _ Psychosomatic medicine deals with 
individuals with true physical symptoms 
that are at least partially caused by psycho- 
logical stress. 


STRESS AND DISEASE 


As early as the 1930's, researchers 
noted that the stressful events of everyday 
life—pregnancy, a new job, and so on— 
seemed to lower the body’s resistance to 
disease. Skin disease, colds, and even tu- 
berculosis were more likely to strike those 
who had recently experienced life crises 
than those who were living more peaceful 
lives. 

More than a quarter of a century later, 
scientists at the University of Washington 
in the United States undertook systematic 
studies of this phenomenon. They asked 
many people to rate various life events 
in terms of the amount of readjustment 
required. Ultimately, the researchers de- 
veloped a scale of “Life Change Units” as- 
sociated with each event. According to this 
scale, most people feel that the death of a 
use is about twice as stressful as getting 


spo! 
married, and five times as stressful as 
changing to a new school. Notice that stress 


is associated with positive, happy events as 
well as with negative and sad events. 

Many later studies in a number of 
countries found surprisingly similar results. 
There are, of course, some differences in 
the way different cultures perceive the 
same events. Similarly, the values given in 
the chart will not apply precisely to every 
individual within a culture. Nonetheless, 
life change scores provide a good approxi- 
mation for studying the relationship be- 
tween stress and disease. 

Once the scale was developed, it was a 
fairly simple matter to have people check 
off the events that applied to them for the 
last year or SO, and then see whether people 
with high life change scores develope 
more diseases than people with lower 
scores. And, in fact, they did. 
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For example, in one study, about 2,500 
crew members of several U.S. Navy cruis- 
ers were asked to fill out life history forms 
before they went to sea. Their medical rec- 
ords were examined at the end of a six- 


Dr. T. H. Holmes and his colleagues devised this 
scale of impacts to gauge the amount of stress as- 
sociated with various life situations. 

University of Washington Medicol School 


THE SOCIAL READJUSTMENT 
RATING SCALE 


LIFE EVENT IMPACT VALUE 


1. Death of spouse 100 
2. Divorce 73 
3. Marital separation 65 
4. Jail term 63 
5. Death of close family member 63 
6. Personal injury or illness 53 
7. Marriage 50 
8. Fired at work 47 
9. Marital reconciliation 45 


10. Retirement 45 
11. Change in health of family member 44 
12. Pregnancy 40 
13, Sex difficulties 39 


14. Gain of new family member 39 
15. Business readjustment 39 


16. Change in financial state 38 
17. Death of close friend 37 
18. Change to different line of work 36 
19. Change in number of 


arguments with spouse 35 
20. Mortgage over $10,000 31 
21. Foreclosure of mortgage or loan 30 
22. Change in responsibilities at work 29 
23. Son or daughter leaving home 29 
24. Trouble with in-laws 29 
25. Outstanding Personal achievement 28 
26. Wife begin or stop work 26 
27. Begin or end school 26 
28. Change in living conditions 25 
29. Revision of Personal habits 24 
30. Trouble with boss 23 
31. Change in work hours or conditions 20 
32. Change in residence 20 
33. Change in schools 20 
34. Change in recreation 19 
35. Change in church activities 19 
36. Change in social activities 18 
37. Mortgage or loan less than $10,000 7 
38. Change in sleeping habits 16 
39. Change in number of 


family get-togethers 15 
40. Change in eating habits 15 
41. Vacation 13 
42. Christmas 12 


43. Minor violations of the law 
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month cruise. Sailors with | 
of 88 or less for the six ; 
the cruise had about 7.7 i 
men per day. The corres; 


» change scores 
iths preceding 
sses per 1,000 
ding figure for 


men with life change scores of 300 and 
above was 9.9. Those with intermediate life 
change scores had interme illness rates, 


Virtually all of the illness 
relatively minor compla 


ported were 
s that are not 


directly caused by stress 10t a case of 
people getting sick if and only if they lead 
stressful lives. But when s increases, 


so does the likelihood of get:ing sick. 


THE AUTONOMIC NERVO! YSTEM 
The autonomic nervy: system con- 
trols the internal organs of body. With- 
out our awareness or activ ‘volvement, it 
regulates the state of the heart. the glands, 
and the involuntary musc! t consists of 
two complementary bran: the sympa- 
thetic nervous system and the parasym- 
pathetic nervous system e sympathetic 
nervous system coordinate ie “fight or 
flight” response to emerg situations: 
the heart beats faster, blood flow to the 
muscles and limbs increases. the bronchial 


tubes of the lungs dilate, and so on. The 
parasympathetic nervous system acts as an 
antagonist, or opponent, to the sy mpathetic 
nervous system. While the sympathetic 
nervous system increases heart rate, the 
parasympathetic branch decreases heart 
rate. When all goes well, these two 
branches of the autonomic nervous system 
act together to coordinate the complex bodi- 
ly reactions of our emotional lives. How- 
ever, when inappropriate reactions occur, 
Psychosomatic disorders may develop. 

If we think in evolutionary terms 0 
our ancestors who lived in caves, reactions 
of the sympathetic nervous system to an 
emergency are very useful: they prepare 
the body to fight or to run away. In our 
complex technological society, their value 
is more questionable. For example, if a per- 
son is driving along a superhighway and a 
truck suddenly cuts him off, his sympa- 
thetic nervous system will inject adrenaline 
into the bloodstream, raise his blood pres- 
sure, and so on. But in our society, the driv- 
er does not have the opportunity to beat up 


the truck driver or to run away. He must 
suppress h- anger and continue to drive. If 
he does this often enough, he may end up 
with high od pressure. 
COMMON YCHOSOMATIC DISORDERS 
Psy somatic problems occur most 
common ı the circulatory system, the 
gastrointestinal tract, the respiratory sys- 
tem, the in, and the endocrine system. 
Sometin symptoms can occur in several 
parts of body at once. 


Circulatory problems. High blood pres- 
irculatory problem that can be 


sure is < 
caused by physical problems, or it may be 
caused by psychological stress. 


Migraine headaches are another psy- 


chosomatic problem involving the cardio- 
vascular system. A typical migraine attack 
consists two phases: the arteries in the 
scalp first constrict (decrease their diame- 
ter) and then dilate (increase their dia- 
meter). The results of these blood vessel 
spasms include nausea and painful head- 


aches that may last for days. 
atory problems. The major psy- 
chosomatic disorder of the respiratory sys- 
tem is asthma. Asthma attacks may be 
caused by allergies, emotional upset, Or 
both. In an asthma attack, the diameter of 
the bronchi (tubes that circulate air in the 
lungs) is decreased. As a result, a person 
cannot get enough air, pants, wheezes, an 
experiences a feeling of suffocation. 
Gastrointestinal problems. Anyone who 
has ever had an upset stomach before @ 
final exam knows that the gastrointestinal 
system responds to psychological stress. In 
addition to being the most familiar psycho- 
somatic disorders, gastrointestinal prob- 
lems have been the most thoroug y 
investigated. The major such disorders are 
peptic ulcer and anorexia nervosa. 


The stomach produces several acids to 
s of diges- 


d intestine 


persons, the stomach acids 
away at the protective mu! 
inflammation in the walls of the stomach—a 
peptic ulcer—occurs. ‘An ulcer victim can 


easily experience nausea and shooting 
pains. If the ulcer perforates the stomach 
lining, serious internal bleeding may result. 
The term anorexia refers to a loss of 
appetite: anorexia nervosa is a psychoso- 
matic illness, mainly afflicting females be- 
tween the ages of 16 and 20, in which self- 
inflicted starvation leads to dramatic weight 
loss, chronic invalidism, and even death. 


WHEN DO PEOPLE GET ULCERS? 


One line of research in psychosomatic 
medicine is to determine just what kinds of 
stress are most likely to produce disease. 
For obvious reasons, experiments use ani- 
mal subjects. The “executive monkey” 
study is among the most famous of these. 

In this study, two monkeys were 
placed side by side in a chair that restricted 
their movements while they received occa- 
sional electric shocks. One monkey was the 
“executive.” If he pressed a bar at exactly 
the right times, he could avoid the electrical 
shocks for both monkeys. Thus, both mon- 
keys were exposed to identical physical 
stress. But the executive monkey was sub- 
jected to far greater psychological stress 
since only he had control over the situation. 
The executive had to remain constantly on 
the alert deciding whether or not to press 
the bar. In all the pairs studied, the execu- 
tive monkeys developed stomach ulcers 
and their companions did not. 

Later research with other species and 
other situations has made it clear that the 
relationship is somewhat more complicated 
than this may seem to imply. It is not sim- 
ply that decision making causes ulcers; the 
specific kind of decision making is critical. 
Two important factors are: the number of 
coping responses the animal or person must 
make (the executive monkeys pressed the 
bar almost continuously); and the amount 
of feedback the responses produce (the 
monkeys had difficulty learning which bar 
presses in fact avoided shocks). 

A related study indicated that assem- 
bly-line work can cause stress and ill 
health. Many such workers must make 
skilled judgments quickly and often. In ad- 
dition, such work is monotonous and repet- 


itive, and there is no feedback. 
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1. Thyroid 
2. Heart 
3. Liver 
4. Stomach 

5. Spleen 

6, Adrenal 

7. Large intestine 
8. Small intestine 
9. Bladder 
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result is an internal physical imbalance that can ultimately lead to sickness 


WHICH PEOPLE GET ULCERS? 


Imagine three executives holding simi- 
larly stressful jobs in the same company. 
One may develop ulcers, another high 
blood pressure, while the third may be per- 
fectly healthy. What causes a person to 
develop a specific psychosomatic disorder? 


the case that a specific disease goes with a 
specific personality type. 
On the other hand, there is evidence 


that each of us carries around an inherited 
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tendency, or predisposition to develop 
Specific psychosomatic disorders, A baby is 
not born with a peptic ulcer, but rather with 
a “weak stomach.” If that child is sub- 
Jected to great stress, an ulcer will some- 
times develop. 

It has been shown that people are born 
with quite different levels of pepsinogen, 
which is one of the stomach acids. Individ- 
uals with high pepsinogen levels are far 
more likely to develop ulcers than are those 
with less pepsinogen. 


TREATMENT 


The treatment of psychosomatic disor- 
ders, like the diseases themselves, includes 
both mind and body. Physical symptoms 
must be treated medically. But such efforts 
only relieve the symptoms. Any real Ure 
Must involve treatment of the underlying 
cause. In some cases, this may involve psy- 
chotherapy. In other cases, the only cure is 
for the individual to stop leading such a 
Stressful life. 
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Biofeedt 
Here a 


practicing, concentrating their attention on 
the sensation in their ears. Slowly they 
learned to dispense with the jaw-clenching 
and brow-knitting until finally they had per- 


Around the turn of the century, 4 psy- 
chologist named J. H. Bair trained several 
young men to wiggle their ears. Now, this 
was no idle prank devised by the professor 


to endear himself to students. Bair was 
trying to understand how a person develops 

voluntary control over muscle movement. 
This was Bair’s procedure: First, the 
men gave themselves a very mild shock by 
pressing a key that was wired to stimulating 
electrodes attached to their ears- The shock 
jolted their ears into contracting (the ears, 
Next, the men 
hout electrical 
help. By clenching their Jaws and knitting 
their brows they found they could make 
d detect this 


their ears move, too. They coul 
faint sensation—normally lost amid the 
noisy muscles of cheek, chin, and brow— 
because they remembered how electrically 
induced ear contractions felt. They kept 


fected the rare, if useless, skill of wiggling 
their ears. 

Modern biofeedback training is a prod- 
uct of knowledge gained in experiments 
such as Bair’s. And it has much in common 
with his techniques. Like ear-wiggling, 
skills learned in a biofeedback clinic in- 
volve functions that people usually do not 
control voluntarily or may not even be 
aware of. Biofeedback is used, for exam- 
ple, to help patients regulate blood pressure 
and circulation or control tight, spastic, or 
paralyzed muscles. In biofeedback train- 
ing, a machine or electronic device moni- 
tors these responses, then amplifies, 
records, and feeds them back to the p^- 
tient. The biofeedback machine acts as a 
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kind of sixth sense, allowing the person to 
“see” or “hear” activity inside the body. 
Then, using a variety of maneuvers that are 
already voluntary, the patient may learn to 
control the formerly involuntary response, 
just as Bair’s subjects used brow-knitting 
to learn ear-wiggling. 

Bair’s experiment demonstrated that a 
person must first sense a response before 
being able to control it. For centuries, peo- 
ple have known, without realizing that they 
knew, that feedback is necessary to learn a 
skill. In gymnasiums, homes, fields, and 
shops, they monitored their own perfor- 
mances—attended to the feedback—while 
learning complex skills. It was only in 
Bair’s time, however, that scientists 
learned that feedback was necessary to 
control physiological responses, Two of 
Bair’s contemporaries, British scientists 
F. W. Mott and C. S. Sherrington, demon- 
strated that certain nerves feed back infor- 
mation that the brain uses to help the body 
function properly. When they severed 
these ‘‘afferent’’ nerves in a monkey’s 
forearm, they found that the monkey could 
no longer use the limb voluntarily, 


ALTERING BIOLOGICAL SYSTEMS 


It was not until the mid-20th century 
that the full importance of feedback was 
recognized. Then, Specialists in the new 
discipline of cybernetics began to study 
mechanical and human Systems. They dem- 
onstrated that information about a system’s 
past performance—that is, feedback—en- 
hances the accuracy and precision of future 
Performances, In the late 1950's and early 


Specialists in rehabilitation medicine 
had long depended on a machine, the elec- 
tromyograph (EMG), to detect muscle ac- 
tivity. They used the EMG 


4 € ‘ and started 
teaching their patients to Tegain at least par- 
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tial control of damaged + les, with the 


EMG readings guiding t ‘tients’ prog- 
ress. This application o feedback has 
proved to be one of the r uccessful, 
Meanwhile, researc studying the 
brain began using feedb: brain waves, 
as measured by an electro-» ephalograph 
(EEG). They tried to tea: ir subjects to 
produce a particular br: ive pattern, 
called “alpha,” because believed it 
was associated with an but relaxed 


biofeedback 
ise the alpha 


state of mind. This use 
stirred great excitement 


state was thought to con e an altered 
state of consciousness. H r, practical 
applications have proved « pointing. 
At other research c , investiga- 
tors were studying the ci y of human 
subjects to control the a: mic nervous 
system. This is the part o ervous sys- 
tem that controls normal voluntary” 
functions such as heart rat blood pres- 


sure. Researchers were g to learn 


whether rewards and puni its could be 
used to teach people to reg: autonomic 
processes. This type of rch led di- 
rectly to the use of biofeed for the con- 


trol of blood pressure, heart rate, and 
disorders of circulation. 

By 1970, the scientists \ 
arate disciplines had come l 
similarities in their approaches and joined 
together to form the Biofeedback Research 
Society, which was later to become the 
Biofeedback Society of America. The word 
biofeedback reflects the field’s connection 
to cybernetics, the study of the control of 
systems—in this case, biological systems. 


HOW BIOFEEDBACK WORKS 


Unfortunately, the connection with cy- 
bernetics sometimes has led people to be- 
lieve that their bodies can be regulated with 
as much accuracy and precision as a ma- 
chine can. The body, however, is far more 
intricate and finely tuned than any ma- 
chine. Moment by moment, it regulates it- 
self with feedback through mechanisms $0 
complex that scientists have only recently 
begun to appreciate how little we under- 
Stand about what goes on under our own 
skins. 


rking in sep- 
fo recognize 


Biofeedback is a relatively clumsy at- 
tempt to 1) mic or enhance these sophisti- 
cated caps ilities of the body. But it is itself 
a much more complex procedure than it 
may appe to be. It works through several 
different mechanisms. Sometimes patients 
learn new skills much as Bair’s subjects 
learned to wiggle their ears. At other times 
biofeedb is little more than a shortcut to 
relaxatic 
_ Mo cientists believe that relaxation 
is a key -omponent in biofeedback treat- 
ment of nany disorders, particularly those 
brought or made worse by stress. High 
blood pressure and some kinds of headache 
are examples of this type of illness. Stress 
ofen produces strong emotions, which 
arouse certain physical responses. Many of 
these responses are controlled by the sym- 
pathetic nervous system, the network of 
nerve tissues that helps prepare the body to 
meet emergencies by “flight or fight’’—by 
running away or by fighting the source of 
trouble 


The typical pattern of response to 
emergencies probably emerged during the 
time when all humans faced primarily phys- 
ical threats. Although the “threats” we 
now live with are seldom physical, the 
body reacts as if they were: The pupils di- 
late to let in more light. Sweat pours out, 
reducing the chance of skin cuts. Blood 
vessels near the skin contract to reduce 
bleeding, while those in the brain and mus- 
cles dilate to increase the oxygen supply- 
The gastrointestinal tract, including the 
stomach and intestines, slows down to re- 
duce the energy expended in the process of 
digestion. The heart beats faster, and blood 
pressure rises. 

Normally, people calm down when a 
stressful event is over, especially if they 
have done something to cope with it. For 
instance, imagine your own reactions if 
you're walking down a dark street and hear 
someone running toward you. You get 
scared, Your body prepares you to ward off 
an attacker or run fast enough 
When you do escape, you gra lax. 

If you get angry at your boss, it’s a 
different matter. Your body prepares to 
fight. But since you want to keep your job. 


you try to ignore the angry feelings. Simi- 
larly, if on the way home you get stalled in 
traffic, there’s nothing you can do to get 
away. These situations can literally make 
you sick. Your body has prepared for ac- 
tion, but you cannot act. 

Individuals differ in the way they re- 
spond to stress. In some, one function, 
such as blood pressure, becomes more ac- 
tive while others remain normal. Many ex- 
perts believe that these individual physical 
responses to stress can become habitual. 
When the body is repeatedly aroused, one 
or more functions may become perma- 
nently overactive. Actual damage to bodily 
tissues may eventually result. 

Biofeedback is often aimed at changing 
habitual reactions to stress that can cause 
pain or disease. Many clinicians believe 
that some of their patients and clients have 
forgotten how to relax. Feedback of physi- 
cal responses such as skin temperature and 
muscle tension can help patients recognize 
a relaxed state. It gives them the informa- 
tion they need to know how well they are 
doing. The feedback signal may also act as 
a kind of reward for reducing tension. 


BIOFEEDBACK IN PRACTICE 


Biofeedback is widely used today by 
specialists in several different fields. It is 
usually offered in addition to other treat- 
ments. Sometimes physicians send their 
patients to special biofeedback clinics. 
More commonly, physicians, psycholo- 
gists, and other specialists take extra train- 
ing in biofeedback so that they can practice 
it themselves. Although biofeedback is 
used to treat a wide variety of disorders, it 
is not equally effective for all of them. 

Movement Disorders. Rehabilitation of 
patients suffering from neuromuscular dis- 
orders or the aftermath of accidents and 
stroke is perhaps the most successful appli- 
cation of biofeedback to date. Depending 
on the disorder, biofeedback techniques 
are used to inhibit muscular spasm, acti- 
vate neuromuscular cells, or relax mus- 
cles. 

Many stroke victims suffering from 
hemiplegia, Or paralysis of one side of the 
body, have been helped dramatically by 
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biofeedback. Their treatment usually in- 
volves a program of physical therapy, plus 
biofeedback from the affected limbs. For 
them, as for many other patients with neu- 
romuscular damage, just knowing that ac- 
tivity is still present in the damaged 
muscles can be very encouraging. But 
stroke victims, like many kinds of patients 
treated with biofeedback, vary markedly in 
their response. The time needed to produce 
a desirable outcome from biofeedback 
training also varies from patient to patient. 

Headaches. Two very common types of 
headaches—migraine and tension—are 
often treated with biofeedback. Overactiy- 
ity in the sympathetic nervous system, part 
of the autonomic nervous system, may be 
involved in both migraine (vascular) and 
tension headaches. The mechanisms that 
Cause the pain are quite complex, but re- 
gardless of the causes, biofeedback treat- 
ment for both types of headache is 
probably most successful when it induces 
relaxation. 

Migraine patients may be treated with 
several forms of biofeedback, but most 
commonly they are taught a formal relaxa- 
tion technique. In addition, they learn to 
warm their hands just as Raynaud’s pa- 
tients do. For some reason not yet under- 
Stood, warming the hands often causes 
migraine headaches to subside. This com- 
bination of relaxation and hand-warming 
has led to improvement in migraine pa- 
tients, but relaxation training alone has also 
helped. Scientists are still trying to sort out 


whether and when the biofeedback training 
is needed. 


Relaxation exercises are almost always 
part of the treatment Procedure. Feedback 
of muscle tension from the head and neck 


is used to guide the patient’s attempts to 
relax, 


BIOFEEDBACK 


gerous—leading, for exa to kidney 
damage—or it can be fata! n it results in 
stroke. Although medic is exist that 
control it, they produce ylesome side 
effects. For that and othe ons, patients 
neglect to take them. Bio. -dback is seen 
as a promising alternative 

Several biofeedback edures have 
been used to treat hy; ision. Com- 
monly, they involve teac patients for- 
mal relaxation or meditati chniques, In 
addition, patients may | wed to see 
some representation of r changing 
blood pressure. This fee k may help 
them to recognize how it to relax and 
to be in a state where the od pressure 
is not elevated. 

Epilepsy. The one us brain-wave 
biofeedback that has pro ! promising 
results is in the treatment lepsy, a dis- 
order of the central nerv ystem. The 
seizures characteristic of ¢ epsy are as- 
sociated with abnormalitic the brain’s 
electrical activity. Experi tal biofeed- 


i to regulate 
ce seizures. 


back treatments have attemp! 
brain activity and thereby re 


About half of the pati who have 
undergone this type of training have been 
able to reduce their seizures substantially. 
Some have simultaneously cut down on re- 
quired medication as well. However, since 
a few patients have experienced an in- 


crease in seizures after biofeedback, the 
treatment is still considered experimental. 
Investigators are trying to determine which 
Patients benefit and to refine the techniques 
used for all of them. 

Other Disorders. Biofeedback has been 
used for a wide range of other disorders. 
Some are primarily conditions involving 
pain—dental disorders, such as painful ten- 
sion of the mouth, face, and neck, are com- 
mon examples. For these conditions, 
biofeedback is used primarily as a tech- 
nique to help patients learn to relax. Low 
blood pressure, asthma, sexual disorders, 
hyperactivity, learning disabilities, and 
Stuttering have all been treated with bio- 
feedback, as have a variety of other disor- 
ders. Only further research will establish 
the full value of these applications of bio- 
feedback. 
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Its a friendly social custom to offer guests a drink. But 
there's a difference between hospitality and pressuring, 

It’s a fact that most adults do drink today, Sensibly 
and moderately. 

But you should feel perfectly comfortable about saying 
"No, thanks.” We, the makers and sellers of distilled 
spirits, respect your wish not to drink, Or not to drink 
beyond a certain point 

Just as you respect the right of others to drink, 


Hf you choose to drink, drink responsibly, 


ALCOHOLISM 


by Morris Chafetz, M.D. 


Alcoholism is like lightning. We see 
and experience it, we are familiar with its 
presence and think we know it. But in fact 
we don’t. 

_ What do we mean by alcoholism? The 
United Nations World Health Organization 
(WHO) defines alcoholism as a chronic ill- 
ness that shows up as a disorder of behav- 
ior, Usually alcoholic people, according to 
the WHO, repeatedly use alcohol as more 
than the usual accompaniment to eating or 
beyond the ordinary social customs of the 
community. This use interferes with the 
alcoholic person’s health, ability to work, 
or ability to function in society. 

My definition is a bit broader than that 
of the WHO. I think you have an alcohol 
Problem (or alcoholism at the very earliest 
Stage) when you spend a great deal of time 
thinking of or actually drinking; when you 
get drunk (overdosing with alcohol) fre- 
quently; when you get in trouble with work, 


family, or the law as a result of drinking; 
when you have accidents or get physically 
sick often from drinking; or when you be- 
come a very different person with alcohol 
than you are without it. a 

There are many other definitions, but 
these two generally cover most of the 
points people talk about when they con- 
sider alcoholism. A big question i$ whether 
or not alcoholism is a disease. As a physi- 
cian, I do not believe it is a disease, al- 
though I know alcoholic people are sick, 
not bad, and that they are suffering from a 
serious state of illness. Whether it is called 
a disease or an illness is not terribly impor- 
tant as long as We recognize that alcoholic 
people are sick and need help. 
NUMBER ONE DRUG PROBLEM 


Alcoholism is a most common problem 
throughout much of the world. It is, in fact, 
far and away the number one drug problem 
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in the United States and in other nations. 

U.S. government reports indicate that 
there are 10 million alcoholic people in the 
country. That is probably a conservative 
estimate, since alcoholic people and their 
families and friends are often ashamed of 
the condition and try to cover it up as long 
as they can. Here are some of the Statistics: 
there are approximately 6 million men, 3 
million women, and | million teenagers 
who have signs of serious alcohol prob- 
lems. Of the 10 million, only 5 percent live 
on skid row and are derelicts. The rest live 
and work in communities, professions, and 
socioeconomic groupings that make up this 
whole country. If you include the families 
of alcoholic people, there are 40 million 
people suffering the effects of alcohol prob- 
lems in the United States alone. 

Alcohol problems play arole ina large 
percentage of automobile deaths, acciden- 
tal at-home or at-work deaths, suicides, and 
murders and other criminal behavior. Prob- 
lems related to alcohol also shorten life 
expectancy by 10 to 12 years. 


MOST LIKELY CANDIDATES 


It is fair to say that everyone in the 
United States, and in many other parts of 
the world, will have Someone among their 
family, friends, or close community who has 
an alcohol problem of some degree of seri- 
Ousness. In the United States, people most 
likely to develop alcohol problems are per- 


or South. 

Advertising and media people, legisla- 
tors, doctors, lawyers, and other profes- 
sionals, and house painters are more likely 
to develop serious alcohol problems. Also, 
certain heritages makes you more vulnera- 
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ble. The Russians, Scan vians, Irish, 
and French have a larger ber of alco- 
holism problems than do hinese, Ital- 
ians, Jews, or Spanish. Bu mber, these 
factors are not guarantee hreats. Al- 
coholism can happen to an anywhere, 
NO SINGLE CAUSE 

There is no single cau ilcoholism, 
just as there does not see e one kind 
of alcoholism. There are | inds of dif- 
ferent types of alcohol prot and, natu- 
rally, there are thousands ises. Some 
people think that alcoholi ; inherited 
since it runs in families vidence to 
support a theory of here not very 
strong, and many of us s sts believe 
that alcoholism runs in famil ‘cause it is 
a learned behavior, By learn havior we 
mean that young people le yw to use 
and misuse alcohol by watci the people 
around them. Almost all st show that 
alcoholic parents tend to pri alcoholic 
young people, that heavy-d: ng parents 
produce young who tend to k heavily, 
that moderate drinkers proc moderate 
drinkers, and that abstainer: luce chil- 
dren who tend to'abstain. ; 

Oher scientists believe there is a 


biochemical defect in alcoholic people that 
does not permit them to handle alcohol in 
usual or normal ways. However, there is 
no good evidence to support this theory. As 
with the question of whether alcoholism is 
a disease or illness, searching for a bio- 
chemical defect is, I think, missing the 
point. No one can separate in any of us 
which part is inherited, biochemical, phys- 
ical, psychological, or cultural. All of us 
have all these factors mixed up and blended 
into the persons that we are. 


AN EASILY AVAILABLE DRUG 


I have purposely left out all the many, 
many physical, Psychological, and cultural 
theories about alcoholism and its cause 
because they are academic, technical, and 
repetitive. But it is important to remember 
what is known about this remarkable, ac- 
cessible, and available drug. Alcohol is a 
depressant drug, not a stimulant. It is a de- 
Pressant drug because with increasing 


de es it puts to sleep various parts of the 
brain and nervous system—to a point 
wore, given large enough doses, sleep will 
b= ome death. 
People who drink think that alcohol is 
a =imulant because it seems to make them 
îe- freer, have more energy, be less tired, 
a have fewer inhibitions than they had 
bo ore they took alcohol. The feelings are 
irate but the common reason given is 
The drinker feels stimulated and less 
l and inhibited because, with social 
iking, alcohol depresses, or puts to 
ep, those parts of the brain that would 
mally signal us we were tired or uptight. 
hout these messages, or guardians over 
trol, we talk, behave, and feel free— 
ich is why alcohol is so popular a drug. 
Alcohol also works fast, since a part of 
juickly gets into the blood and to the 
in without needing to be digested, as do 
ier substances we consume. The amount 
alcohol we take, how fast we drink, what 
yd we have in our stomach, with whom 
id where we drink, how we feel physically 
id emotionally when we drink, and what 
e expect and our society will tolerate—all 
ese will determine how alcohol is going 
affect us. These are some of the reasons 
hat the same amount of alcohol taken at 
ifferent times can cause totally different 
responses. 
EARLY SIGNS OF A PROBLEM 


We need now to become aware of the 
early signs of alcohol problems. One of the 
first is that a person notices that he or she 
is very often thinking about or looking for- 
ward to taking alcohol. It becomes some- 
thing special in life instead of just a small 
thing that is part of some other activity. A 
second sign is getting drunk often—even 
when you do not intend to. I believe that if 
you get drunk more than four times in one 
year you may well be on the road to a seri- 
ous alcohol problem. I would be concerned 
if I did my drinking mainly when I was 
alone, or when I was overcome by prob- 
lems or unhappiness. Alcohol is no prob- 
lem solver. And certainly, if you behave as 
you never would, or do things you never 
would, without alcohol, you have a problem. 


_ These early signs do not have to 
frighten you since they can save you or 
someone close to you. Most illnesses—if 
noticed and treated early—have high recov- 
ery rates. No one needs to be ashamed or 
feel second rate because of alcoholism. It 
occurs in all families and among all types 
of people. The only shame is ignoring the 
problem and thereby destroying the lives of 
millions of people who could be helped. 
Millions and millions of people have re- 
covered and are recovering from alcohol- 
ism. 


FAR-REACHING EFFECTS 


Alcoholism can be a devastating prob- 
lem, especially since it often is seen with 
and plays an important role in producing 
other diseases. The liver is an organ that is 
commonly affected by alcoholism. This is 
due to the fact that alcohol is metabolized 
mainly by the liver. About 10 percent of 
seriously ill alcoholic people develop cir- 
rhosis of the liver. Cirrhosis is a serious 
disease in which the liver becomes knobby- 
looking due to scarring that has taken 
place. The person loses parts of the liver 
necessary for metabolism, and this in time 
can cause liver failure and death. 

The stomach and intestines are also di- 
rectly affected by alcohol problems. Gastri- 
tis—a red, inflamed, and disturbed 
stomach, is common in alcoholics, and this, 
in turn, may lead to the formation of stom- 
ach ulcers. Intestinal ulcers may also de- 
velop. The risk of cancer of the mouth, 
throat, and esophagus is also increased 
with heavy alcohol intake. A U.S. govern- 
ment study reported that heavy smokers 
who do not drink or heavy drinkers who do 
not smoke are two and a half times more 
likely to get cancer of the mouth, throat, 
and esophagus than are nonheavy smokers 
or drinkers. And if the person 1s both a 
heavy drinker and a heavy smoker, then his 
or her risk of getting these cancers jumps 
to 15 times the risks of the nonheavy 
smoker or drinker. 

Muscles are also affected by alcohol- 
ism. Some heavy drinkers show consider- 
able loss of muscle tissue in their arms and 
legs and even a softness in heart muscles. 
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The pancreas, an organ that secretes insulin 
to metabolize sugar, is also often damaged 
by alcoholism. But the brain and nervous 
system are where particularly horrible 
damage shows up with severe alcoholism, 


BRAIN AND NERVOUS SYSTEM DAMAGE 


Alcoholic psychosis is seen in many pa- 
tients who inhabit mental hospitals. There 
is disagreement as to whether the psychosis 
is due to the toxic effects of alcohol itself or 
whether there already existed in people so 
affected a strong tendency to psychosis, 
which the heavy use of alcohol brings out. 

Another frightening situation seen in 
alcoholism is a blackout phenomenon in 
which the person has a total memory loss. 
These people cannot recall what activities 
they engaged in or how they behaved when 
they were under the influence of alcohol. 

Some people develop what is called al- 
coholic paranoia. People with this illness 
are suspicious, jealous, and accusatory. 
They often are disturbed in interpreting 
events in their surroundings, and they can 
develop panic emotional states. 

Wernicke’s syndrome is a disease 
found in alcoholic people who also have nu- 
tritional deficiencies, usually of the vitamin 
B group. They become delirious, confused, 
scared, have trouble walking, and lose their 
memory. More severe forms end up as Kor- 
sakoff’s syndrome, a disorder in which the 
brain becomes damaged, producing disori- 
entation as to time and place and weakness 
and tingling in the arms and legs because 


the nerves that go to these areas are af- 
fected. 


nesses, heavy drinking affects the progress 


WITHDRAWAL—THE D.T.s 


A very serious physiological change 
brought about by alcoholism is delirium tre- 
mens, or the D.T.s. This usually occurs 
after prolonged, heavy drinking and is a 
withdrawal event consequent to becoming 


ALCOHOLISM 


physiologically addicted to 4 cohol. One 
does not need to totally s drinking to 
develop the D.T.s. It can resul from a sud- 


den dropping of the blood hol level or 
from an injury or infection. 1 delirium is 
usually preceded by restles s, irritabil- 
ity, trembling, a hatred of and an in- 
ability to sleep, with ter ig dreams 
when short periods of slee; occur. The 
person is terrified and soo; ins to see 
things: insects, snakes, and other animals 
from which the person cann cape. The 
person becomes confused, « ed, and ag- 
itated, with a great deal of p ‘al moving 
about. It is hard to gain the yn’s atten- 
tion. 

This serious withdrawal e can end 
in death, but with good nur care and 
the correct kind of medication leep is pro- 
duced and the patient recove: ntreated, 
the patient can go through extreme discom- 
forts for three to ten days unt collapses 
from exhaustion, develops pneumonia, or 
dies from heart failure. 

DANGEROUS COMBINATIONS 

Still another and common effect of 
heavy drinking is unexpected death that 
can occur when alcohol is taken with other 
drugs, such as sleeping pills. antimotion 
pills, or antihistamines. Small doses of any 
of these, when combined with alcohol, tend 


to produce unpredictable, bizzare effects. 
All of us would be better advised not to 
take alcohol when taking other drugs. 

Psychologically, people under heavy 
doses of alcohol are under anesthesia. It is 
a good rule to remember that anything a 
Person does that requires full mental alert- 
ness is better done when not under the in- 
fluence of alcohol. 


A VERY TREATABLE ILLNESS 


Alcoholism is a very treatable illness. 
This has been confirmed by a study done 
for the U.S. National Institute for Alcohol 
Abuse and Alcoholism that showed that 
70 percent of the patients who attend gov- 
ernment-supported treatment services re- 
cover. 

The most common and usual treatment 
of alcoholic People is the psychological 


he ways this can be provided are 


one 
quite varied. Psychiatrists use psychother- 
apy. one form of psychological treatment. 
The ‘serapist and patient examine crucial 
emo .onal issues that affect the patient’s 
viev of the world, his responses, and be- 
hay It is an emotional experience that it 
is h ed leads to individual growth and the 
dey. pment of different ways of respond- 
ing. Psychological treatment can be pro- 
vide either individually or in a group set- 
ting. There is no uniform opinion as to 
which type is more effective. 

»me people need what is known as 
ay on therapy. Aversion therapy is ac- 
co» plished by giving the person some med- 
ic that causes nausea and vomiting. 


T medicine is given at about the same 
tims the person takes his favorite alcoholic 
d so that an association of alcohol and 
sic-ness is created in the patient’s mind. 
person takes the alcohol and shortly 
a receives an injection of the vomit-pro- 
ducing medicine. These sessions are re- 
ed every other day until a total of four 
ic six are completed. Every six months a 
repeat treatment is administered. Electro- 

ock techniques are also sometimes used 
in aversion therapy. 

Another important form of treatment 
involves the use of the drug Antabuse, 
which was developed in Denmark in 1948. 
Antabuse causes an abnormal physiological 
reaction to alcohol. If a person taking An- 
iabuse takes alcohol, he or she will, a few 
minutes later, feel a rush of heat, turn lob- 
ster red, feel a tightening in the neck, begin 
to cough and develop difficulty in breath- 
ing. Thirty minutes later the person be- 
comes nauseated, pale, and scared, and 
begins to vomit. The effect usually ends 
with the person falling into a deep sleep. 
All people find this experience frightening 
and uncomfortable. The major drawback of 
Antabuse is that it must be taken every day 
to be effective. Most doctors find it helpful 
in combination with other forms of treat- 


ment. 
EMOTIONAL SUPPORT IS VITAL 
lics know 
All people who treat alcoho y 
that how you behave toward the alcoholic 


person at the first meeting is most impor- 
tant. The therapist has to reach out actively 
and be supportive because people with al- 
cohol problems are depressed and expect 
to be rejected. Once the initial distrust of 
the patient toward helpers, society, and 
themselves is removed, treatment can be 
carried out. 

One form of psychological-spiritual 
help to alcoholic people is the great self- 
help organization called Alcoholics Anon- 
ymous (AA). This loosely organized vol- 
untary fellowship is well known worldwide. 
It was begun in Ohio in 1934 by an alcoholic 
stockbroker and an alcoholic physician and 
dramatically illustrates the ability of one 
person to help another recover from an al- 
cohol problem. Its goal is sobriety achieved 
with help provided by the fellowship of fel- 
low sufferers. Beyond its life-saving aid to 
thousands of alcoholic people, it’s great im- 
pact has been to point out to noninterested 


Alcoholics Anonymous is a self-help organization 
that emphasizes group assistance in facing the in- 
dividual's drinking problem. 


Alcoholics Anonymous 
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professionals that alcoholic persons can be 
helped. AA waged a battle and created in- 
terest while others hid behind attitudes of 
moralism and pessimism toward alcoholism 
and its effects. AA supplies comradeship: 
all members suffer the same disturbance. 
AA encourages self-examination and 
confession. It encourages dependency, 
since members take others under their wing 
and create a group identity. 

There are other forms of treatment. 
There is behavior modification treatment, 
which is related to aversion therapy. There 
are also hypnotism, transcendental medita- 
tion, multivitamin therapy, lithium therapy, 
and so on. There are also special programs 
aimed at particular groups—for example, 
Indian alcoholism programs; drunk driver 
programs; programs for women and teen- 
agers. All of these programs, with their spe- 
cial target thrust, depend on an approach 
tailored to the needs of the individual. 


AN OUNCE OF PREVENTION 


In spite of successes in treatment, it is 
important to keep one fact in mind: no con- 
dition of mankind has ever been controlled 
or advanced by treating the casualties 
alone. Prevention is an absolute necessity. 
Prevention of alcoholism requires: (1) an 
opportunity for earlier identification of peo- 
ple with alcohol problems than we now 
have, and (2) a change in the cultural atti- 
tude toward drinking to one that will make 
the choice of alcohol as a problem solver 
less likely. 

The first can be achieved by each per- 
son’s learning what the limits are for safe 
drinking of alcohol. When a society sets up 
clear limits by which those people who use 
alcohol can know what is considered safe 
and considerate, then those persons whose 
responses are different will be more easily 
recognizable. Early diagnosis and treat- 
ment of alcohol problems means favorable 
outcome at low cost. 

The second—a change in cultural atti- 
tude—can be achieved by teaching the safe 
way to drink to people who choose to 
drink. They need to know what alcohol is 
and how it works, how much better it is to 

sip than to gulp it, how important it is to 
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have food in the stomach ind be relaxed 
and comfortable while dri z. why alco- 
hol should be consumed in ip social set- 
tings, and why drunkenne=- should never 
be acceptable behavior t important, 
we all need to know that t we expect 
from alcohol and those v ‘rink will in 
large measure determine how we will re- 
spond to the drinking of ol. It is not 
just an individual responsi! It is a com- 
munity responsibility. Prey in exercises 
can be accomplished by messages, 
by mobilizing community | voluntary 
citizen groups, and by ed inal experi- 
ences. 
RESEARCH 

Finally, more researc! ilcoholism 
is needed. There are ongoir idies of the 
exact relation of alcohol n to cancer 
and heart disease, cirrhosi: stritis, pan- 
creatitis, and withdrawal + ons. There 
are studies to see if certair micals can 
quickly rid the body of heay Joses of al- 
cohol and of how we can down the 
rate at which alcohol goes | the blood- 
stream. There is also research into how 
drunkenness and addiction develop. We 
need to know more about how alcohol af- 
fects driving. Knowledge that heavy drink- 
ing during pregnancy is not good for the 


developing baby has spurred research. We 
also need to know how the heavy consump- 
tion of alcohol can affect the hereditary ma- 
terial passed on to a child. We have to find 
the means to ensure that people can get 
treatment when they need it. We need to 
know more precisely what treatment is best 
for what person. Certainly we do not know 
enough about drinking binges or “‘black- 
outs,” g 

We need to study the most effective 
ways of educating people about drugs and 
their safe and responsible use. Different 
groups need different prevention ap- 
proaches, and we need to study what works 
best with which groups. But all of us must 
keep in mind as we examine the important 
issues of alcohol and alcoholism in our $0- 
ciety that the problems are those of ex- 
cesses and misuse, not the problem of the 
moderate use of alcohol. 


Le e opium poppy grows in Mexico and 
th jle and Far East. Right: the leaf of the 
m na plant. 


both photos, Bureau of Narcotics and Dangerous Drugs 
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by Donald B. Louria 


A 13-year-old boy with a headache places. The mere possession of them may 
£ to the medicine cabinet for the third send the bearer or user to jail for many 
for aspirin. He is a drug abuser, be- years. Furthermore, heroin users fre- 
cause he is dosing himself without real need quently commit crimes to support their 
professional advice. The majority of habit financially. Other drug takers engage 
al drugs used now and then for minor in criminal acts under the influence of 
illnesses without medical prescription are drugs. 

probably not necessary. But people will However, many medical drugs may be 
continue to take them as long as people be- legally bought without prescription. Then 
lieve that almost any sickness can be there are the primarily nonmedicinal legal 
treated with a capsule, a tablet, or a spoon- drugs, represented by tobacco, which con- 
ful of medicine. tains nicotine, and certain beverages, Con- 


In this article we are not concerned taining ethyl, or grain, alcohol. These drugs 
with such minor drug abuse. We turn our are also greatly abused by the public. 
Some drugs may grant release from 


attention instead to those drugs whose mis- y s 
use, beyond any true medical need, leads bodily disease Or pain. But certain other 
to serious problems. These drugs affect pri- drugs affect the nervous system in different 
marily one’s brain or mind and behavior. ways, often pro 
They usually have effects on the rest of the r d c Š l 
body as well. The drugs in question may Or “high”; extreme activity; drowsiness or 
may not cause physical dependence, or ad- sleep; oF even pleasurable visions or hallu- 
diction, but many persons do become ha- cinations. l 
bituated to their use. Such mind-affecting drugs—psycho- 
The unprescribed taking of certain active agents—are often a great boon to 
“mental drugs” —heroin, marijuana, L D, psychiatry for the treatment of mental and 
and others—is prohibited by law in many nervous diseases, and to medical research. 
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They are dispensed only under a doctor’s 
guidance. Some, in fact, are not generally 
available. 

Some psychoactive drugs may cause 
addiction. Addiction is the body’s contin- 
ued need for drugs because of their physio- 
logical effects after they are first taken. 
Heroin is a good example. If the body does 
not get the necessary additional doses of an 
addictive drug, distressing and sometimes 
serious illness is the result. Even if a drug 
does not cause addiction, it frequently be- 
comes a psychological habit with the 
abuser. He or she has difficulty living with- 
out the drug. 

What happens all too often to a con- 
firmed drug taker, however, is the need for 
ever-larger doses as his body comes to tol- 
erate a drug. Continued heavy doses of 
some psychoactive drugs may damage the 
mind or body permanently. Overdoses of 
heroin or similar drugs may lead to death. 

A drug victim may take his doses in a 
number of ways: by mouth (orally); by 
smoking, in pipes or cigarettes; by sniffing 
the drug as vapor or powder; or by injecting 
it into the skin, muscles, or veins. Injection 
into a vein—mainlining—is usually the 
most direct, potent means of drug adminis- 
tration. The results are quick and dramatic. 


TYPES OF DRUGS 


A drug may be a pure chemical or, 
more often, a natural or artificial mixture of 
products. Although drugs have almost in- 
numerable effects on us, for the purposes of 
this article we are interested in the ways 
they affect our nervous systems. 

Psychoactive drugs are classified by 
the ways in which they influence the user. 
Depressants lower a person’s activities, 
slowing him down and sometimes causing 
sleep. Stimulants have the very opposite 
effect. They make a person able to work or 
play for hours or even days without rest or 
sleep. Hallucinogens produce hallucina- 
tions in the taker. Euphoriants cause a good 
feeling, or high. 

Depressants. The depressants include 

the opiates—derivatives of the opium 
poppy and similar but man-made drugs— 
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such as heroin, Demerol, morphine, and 
methadone. Among the depressants we 
also include barbiturates, or sleeping pills; 
methaqualone; tranquilizers and sedatives; 
and alcohol. 

Many of these drugs are called “down- 


ers.” They slow a person down. Many are 


also addictive. Alcohol and ites, such as 
morphine and Demerol, have an analgesic, 
or partly anesthetic, effect. They numb pain 
and other bodily discomfo: 

Next to heroin, the synthetic opiate 
methadone is most responsible for addic- 
tion in the United States. Methadone is 
normally given as a substitute for heroin to 
reduce the severity of withdrawal symp- 
toms in addicts undergoing treatment, 
Methadone, however, is now available as 


an illegal drug on the street and has become 
a major problem in its turn 


Once addiction to an opiate such as 
heroin is established, the user must take the 
drug every four to six hours. Otherwise, he 
goes through an abstinence, or withdrawal, 
syndrome that is characterized by nausea, 
vomiting, abdominal pains, sweating, and 
fever. 


Withdrawal symptoms are more severe 
in barbiturate addiction. The victim be- 
comes feverish and may suffer convulsions 
and coma or unconsciousness. He may 
even die. ; 

Methaqualone, a legal drug, was ori- 
ginally intended to be a nonbarbiturate 
sleeping pill. But it is now being abused 
seriously. It produces a drunken high not 
unlike that caused by alcohol. 

Alcohol itself is a depressant, although 
many people mistakenly regard it as a stim- 
ulant. In sufficient quantities it seriously 
attacks the nervous system, causing stupor 
and, in acute cases, death. R 

The depressants termed tranquilizers 
calm a person experiencing nervous tension 
or undergoing a serious crisis in life. They 
are also used to treat various mental ill- 
nesses. Some tranquilizers are legally 
available without prescription. Tranquiliz- 
ers also cause drowsiness, which is a seri- 
ous danger when the user is driving a car- 

Stimulants. Drugs of this type make 
a person more active. They are therefore 


` 


called “‘uppers,”” speeding up body reac- 
tions and giving a feeling of boundless 
energy. Actually, stimulants do not supply 
bow y energy, but cause a person to use 
energy faster. Stimulants are thus also 
called ‘‘pep pills.” 

Stimulants increase the heart rate and 
car cause very high blood pressure. These 
conditions occasionally damage the brain 
severely through hemorrhage. Irregular 
heartbeat is another symptom of stimulant 
abuse. Among the common stimulants are 
the amphetamines, or *“‘speed,” the drugs 
Pr<ludin and Ritalin, and cocaine. 

Part of the stimulant problem is the 
ov -rdoses that are taken. Doctors pre- 
sc:ibe dosages anywhere from 5 to 25 milli- 
gms ( milligram = 0.001 gram) three 
toves a day for persons who need stimu- 
Janis. But abusers take from 50 to 3,000 
mo ligrams of amphetamines or Preludin 
[$ 
y 


iy, as pills or by injection. In recent 
rs cocaine has become extraordinarily 
sular. It is sniffed or injected. 

These giant intakes of stimulants have 
meny undesirable side effects on the mind. 
The most common results are mistakes in 
udgment and violent acts committed from 

eeling of being persecuted. This feeling is 
often characteristic of a mental disease 
known as paranoia, in which the patient 
believes that everybody is out to get him. 

Whether prolonged stimulant over- 
doses cause permanent brain damage is un- 
certain. Medical opinion holds that most 
people recover from the effects of stimulant 
abuse over a period of weeks or months, 
sometimes in a year. But occasionally the 
victim is left with lasting injury to the brain. 

Physical addiction to stimulants is 
rare, although sometimes extreme trem- 
bling and abdominal pain may occur after 
sudden withdrawal. Because of increasing 
bodily tolerance of these drugs, the user 
takes bigger doses until he or she becomes 
exhausted and gets very little of the desired 


effects. < 
ese drugs, of which 


Hallucinogens. Th 
LSD is the most typical, are able to change 
e sense and under- 


the ways in which peopl 2 
stand their surroundings- Sensations, espe- 
cially of colors, become more intense, 


distorted, or surrealistic. Users say they 
see sounds or smells and “hear” sights. 

Ordinary objects seem to pulsate with life. 

There may be complete hallucinations. 

Exactly how LSD acts on the mind is 
not really known at present. It seems to 
cause chemical changes in the brain and to 
bind itself to the nucleic acids. (Nucleic 
acids are natural compounds that bear the 
“blueprints” for the life activities of cells.) 

Other hallucinogens include STP 
(which is amphetaminelike), DMT, mesca- 
line (from the peyote cactus), psilocybin 
(from a mushroom), and PCP (phencycli- 
dine), a veterinary anesthetic. Hallucino- 
gens are usually swallowed but may also be 
injected. A DMT experience lasts two to 
four hours, whereas an LSD “trip” takes 
four to twelve hours. The effects of an STP 
dose may persist for days. Psilocybin is 
very similar to LSD in its results. 

Much of the danger from LSD lies in 
the misunderstanding of the environment it 
causes. Although it does not happen as of- 
ten as stories imply, people sometimes do 
jump out of windows, step into traffic, walk 
into fires, or drown in the ocean. 

LSD may also, like the amphetamines, 
cause feelings of persecution, which can 
lead to aggressive or violent behavior. 
Other frequent side effects of LSD are 
mental abnormalities that require a doctor's 
or hospital treatment. How often such re- 
sults occur is uncertain. But a seemingly 
normal person who takes LSD may be- 
come mentally ill, requiring hospital care 
for months or, rarely, years. Hallucinations 
may recur without more LSD. A “bad trip” 
or a “good trip” depends on an individual's 
state of mental health prior to taking LSD. 

Euphoriants. Euphoriants are drugs 
that give a feeling of gaiety or elation. Sen- 
sations are enhanced and inhibitions are 
lowered. Marijuana and hashish are the 
chief drugs in this group. Hashish is simply 
a more concentrated form of marijuana. 
The two drugs may also cause light-headed- 
ness and giggling. 

The precise way marijuana acts on the 
body and mind is not yet known. But it is 
clear that the reaction to marijuana also 
depends on other factors besides the chem- 
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istry of the drug. Of importance are the 
expectations of the user, the setting in 
which the drug is taken, other people who 
may be present, the user’s personality, his 
emotional state, and the amount of the 
dose. 

If an individual merely thinks he is 
smoking marijuana, but is really not, he fre- 
quently will describe a marijuanalike expe- 
rience. Scientists have confirmed this by 
experiments with human subjects. Smokers 
were given either marijuana or an inert but 
marijuanalike substance. About two-thirds 
of those who smoked the substitute said 
they had experienced a mild to moderate 
Marijuana high. 

If a person feels content, the marijuana 
experience is likely to be pleasant. But 
should he be anxious, smoking the drug 
may cause a feeling of panic. If the smoker 
is really unhappy, Marijuana may induce a 
Sense of utter despair, However, few mari- 
juana users undergo such effects. 

The most important Psychoactive in- 
gredient in marijuana is a natural compound 
known as tetrahydrocannabinol, or THC, 
The average marijuana cigarette contains 
about one gram of marijuana, with a THC 
content of approximately 1 percent. But 
there is a great variation in the content of 
“Joints,” which consist of from 0.5 to 2.5 
grams of marijuana, with THC ranging 
from 0.4 to 2.4 percent. 

Thus, the amount of marijuana ac- 


stantial periods, 

It has been reported that marijuana 
produces liver diseases and brain damage 
as well as birth defects in the offspring of 


Other experiments, however, clearly 
show that marijuana affects a person’s judg- 
ment and reaction time adversely, espe- 
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cially when he or she drix car. In some 
instances, the effects of r juana smoking 
are similar to those produced by drinking 
alcoholic beverages. It has also been sug- 
gested that marijuana can su press sperm 
production and cause bre largement in 
young men. 

NICOTINE AND ALCOHO! 

The use of tobacco, which contains 
nicotine, and of alcoholic ks is almost 
entirely legal in the United s and many 
other countries. There ar re legal re- 
strictions on the use of al than on the 
use of tobacco. Both drug y be directly 
harmful to the health or m use injuries 
to the users or even inno bystanders. 


Tobacco. Millions of people spend mil- 


lions of dollars annually igarettes in 
spite of the apparent harm ettes cause 
to the mouth, throat, lungs rt, and cir- 
culatory system. Many s tists believe 
that the nicotine and tars in tobacco are far 
more dangerous than certain legal drugs. 

According to one scientist, cigarette 
tobacco costs 300,000 American lives a 
year, with an annual economic loss of some 
$25 billion. At least 80,000 of these deaths 
are due to lung cancer, which may have 


been caused by smoking. 

A somewhat arbitrary and controver- 
sial definition of cigarette abuse is based on 
public-health data. For normally healthy 
persons, the smoking of fewer than ten cig- 
arettes daily carries only a slightly greater 
risk of lung cancer than that for non- 
smokers. With more than ten ‘‘smokes” a 
day, there is a substantial cancer risk, 
which increases steadily as more cigarettes 
are consumed daily. j 

Alcohol. Like tobacco, alcoholic drinks 
are also potentially or extremely dangerous. 
In a recent year alcohol cost the lives of 
25,000 to 50,000 U.S. citizens with some 
$25 billion in economic loss. Some 10 mil- 
lion alcoholics in the United States are 
abusing alcohol. So are millions of others 
who are not alcoholics but who suffer from 
excessive intake of alcoholic beverages. 

Not only is alcohol in large doses de- 
structive to mind and body, it also causes 
many accidents on account of intoxication. 
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"Types 
of Drugs 


sants: morphine, 
Demerol, co- 

and other opium- 
gs (narcotics); 
rates; tranquil- 
Methaqualone; al- 


Popular 
Names 


Snow, junk, smack (her- 
oin); cough medicine 
(codeine); sleeping pills, 
dolls (barbiturates); 
downers (tranquilizers); 
drink, booze (alcoho!) 


How 
Taken 


Injection (morphine, 
heroin); pills (barbitu- 
rates, tranquilizers, 
Methaqualone); liquid 
(alcohol, codeine) 


Symptoms 
and Effects 


Drowsiness, stupor; 
sleep; slow breathing 
and pulse; pupils of 
eyes small; drunken- 
ness (alcohol, Metha- 
qualone); possible 
severe withdrawal 
symptoms—coma, 
death 


Stimclants: ampheta- 
mines; methampheta- 
mines; Preludin; Ritalin; 
coc e 


Pep pills, uppers (am- 
phetamines); speed, 
meth (methampheta- 
mines); coke, snow, lady 
(cocaine) 


‘cybin, PCP 


Acid (LSD); cactus, pey- 
ote (mescalin); mush- 
room (psilocybin); angel 
dust (PCP) 


Pills or injection; co- 
caine may be chewed as 
leaves. Cocaine powder 
may be sniffed 


Swallowed as pills, cap- 
sules or liquids; DMT in- 
jected or smoked 


Extreme activity; 
sleeplessness; rest- 
lessness; aggressive 
feelings; violence; 
high pulse rate and 
blood pressure; with 
extreme doses, col- 
lapse, even death 


Hallucinations; odd 
language and behavior 


Eupħoriants: marijuana; 
a (tetrahydro- 
nol in both) 


Pot, weed, grass, joints, 
reefers (marijuana); 
hash (hashish) 


Usually smoked, in ciga- 
rettes and pipes 


Happy behavior 
("high"); hallucina- 
tions with heavy 
doses; carelessness; 
loss of attention and 
ambition; panic; pos- 
sible antisocial acts; 
possible body harm 


lue (variety of chemi- 
in glues and similar 
al often used in 
assembling model 
and other toys) 


Sniffed or inhaled from 
tubes or other contain- 
ers 


Drunken, possibly vio- 
lent behavior; great 
body damage; possible 
suffocation 


Smoke; weed; snuff; cut 
plug 


Usually smoked; also 
sniffed (snuff); some- 
times chewed (cut plug) 


Widespread effects; 
raised heartbeat and 
blood pressure; nau- 
sea; with long use, 
cancer, lung disease, 
heart trouble 


When alcohol is taken along with other 
drugs, the results may be fatal. One of the 
worst combinations is a barbiturate and 
whiskey. The enhancing effect of drugs 
when they are taken together is called syn- 
ergy. Another example of a synergic pair is 
alcohol and methaqualone. 


WHY DRUGS ARE ABUSED 


Curiosity is one of the strongest rea- 


sons why people try drugs. But it is not the 
only one. Pleasure is another, and a very 
strong, motive for abusing drugs. Ob- 
viously, few people would take drugs out- 


side of medical treatment without some 
kick they get from them. Illegal, mind-alter- 
ing drugs are one of the chief sources of 
thrills in a pleasure-seeking society, per- 
haps made even more thrilling by the very 
fact that they are illegal. 

But taking a drug alone is seldom any 
fun. Many people like to do it with their 
companions to share their highs and 
dreams. Therefore the influence of friends 
and associates—one’s so-called peers—is 
very important in one’s getting started on a 
drug habit. In fact, many studies have 
shown that the influence of the peer group 
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is by far the most important factor in send- 
ing a person down the road of drug abuse. 
It is stronger than all the other factors com- 
bined. 

There are other influences that shape a 
person’s interest in drugs. Broken homes 
account for much drug abuse among young- 
sters. Also, those children whose parents 
abuse tranquilizers, sedatives, alcohol, and 
cigarettes are more likely to use illegal 
drugs by a factor of two or three times over 
those whose parents do not smoke or drink 
or pop pills. If, at ages 10 to 14, a boy or girl 
experiments with tobacco, he or she is 
more likely later to become involved with 
marijuana than is a child who has not exper- 
imented, 

However, there are drug users who do 
not fit any of the above patterns. Any 
young person of whatever background may 
become part of the drug scene, at least ex- 
perimentally. This is especially true of mar- 
ijuaua smokers. 

There is also substantial evidence that 
many youngsters use drugs out of sheer 
boredom, while others do so to escape ado- 
lescent mental pain. This is often the case 
even when they say they do it for kicks. 


THE MARIJUANA CONTROVERSY 


Today a bitter controversy rages, par- 
ticularly in the United States, over the al- 
leged benefits and dangers of marijuana. 
There is still uncertainty about many ef- 
fects of the drug. Many medical scientists 
believe that the following statements about 
marijuana may be safely advanced: 

_  () Most people who smoke marijuana 
in average amounts experience either plea- 
sure or nothing at all. 

(2) For some persons, marijuana can 
have unpleasant results, including panic, 
depression, and other psychiatric abnor- 
malities. 

(3) Some chronic marijuana smokers 
may be harmed psychologically, losing 
their ambitions and goals in life. But if they 
stop smoking the drug, they may resume 
their normal behavior and attitudes. 

Marijuana, then, is by no means en- 
tirely safe. But neither is it a terrible drug 
that drives its victims to serious crime. 


DRUG ABUSE 


Why don’t we, therefore, simply «:<alize 
marijuana? According to medicai nion, 
there are at least three important »-asons 
for caution in doing so. 

First, as shown before, marij. may 


be dangerous to the user as well a: nno- 
cent bystanders, particularly if a us- ‘rives 
a car when under the influence of t drug. 

Second, there is convincing o» Jence 
that some marijuana smokers € e to 
using more hazardous drugs, whic lude 
hashish, cocaine, and hallucinog: This 
is more likely to happen the more » iena 
person smokes marijuana. 

Ina New Jersey Medical Sch udy, 
individuals rarely using marijuana © «| only 
a 4 percent chance of graduating more 
dangerous drugs. Those who smo mari- 
juana at least once a month showed about 
a 9 percent chance of going on more 
powerful substances. For weekly users of 
marijuana, the likelihood rose to 22 per- 
cent; for twice-a-week smokers, to 44 per- 


cent. In other studies, a daily marijuana 
smoker ran the risk of probably experi- 
menting with more dangerous drugs in the 
65 to 85 percent range. 


The studies described here do not 
show any necessary relationship between 
marijuana use and other drugs. Neither do 
they indicate that smoking marijuan: ‘orces 
one into taking more dangerow drugs. 
However, the more marijuana one smokes, 
the more likely that he or she will be in the 
minority of users who will get involved 


with hallucinogens. 

And, finally, third, there is the question 
of how many legal drugs we want in our 
society. Of the current three legal, nonmed- 
ical drugs—the caffeine in coffee, tea, and 
some soft drinks; the nicotine in tobacco; 
and the alcohol, in wine, whiskey, and beer 
—the last two are considered very hazard- 
ous. Do we want to add marijuana, with its 
known dangers, to tobacco and drink as 
permissible drugs? 


REHABILITATION OF DRUG USERS 


Once an individual becomes part of the 
drug scene, his rehabilitation is often very 
difficult. For example, today there are no 
adequate rehabilitation centers or programs 


for LSD users, marijuana smokers, am- 


phetamine takers, or cocaine abusers. 
r some drug victims, psychological 
counseling or psychiatric therapy, on an 


individual or group basis, may be of help. In 
addii on, there are a few therapeutic com- 
mun) os that deal with the ravages of the 
drug ‘ntioned above. But their effective- 
ness not been proved as yet. 

iadone maintenance. For opiate ad- 
dicts. ‘here are better opportunities for 
treat t. One of the most popular and 
well licized methods is methadone 
main «vance. As we stated earlier, metha- 
done ı habit-forming substitute for her- 
oin. » usually taken orally once a day, 
endini i\e addict’s craving for heroin and 
preven'ng him from experiencing the 
symp)/1s of withdrawal from heroin. 

ell-run programs, approximately 
80 pe: cent of the enrolled addicts remain 
for at east one year. Their criminal behav- 
ior falls off markedly, and many addicts get 
jobs. ‘ne end of four or five years, 60 to 
65 pe it have remained in the methadone 
progi Most of the former addicts adjust 
to soc. «ty in satisfactory ways. 

; addicts who accept methadone 
maintenance are volunteers and so are at 
least reasonably well motivated for cure. 
They requently are in their late 20’s or in 
their 30 


Therapeutic communities. In contrast 
to methadone maintenance, therapeutic 
communities strictly forbid all drugs. The 
addict under treatment lives in a rigidly 
run communal setting, where group discus- 
sions and encounters are the rule. 

The addict is made to face himself and 
accept his faults. He is then helped by the 
group to adjust his personality and life to a 
completely drug-free existence. If the addict 
does not conform to the group’s demands 
and rules, he is punished in various ways 
and made to look or feel uncomfortable or 
€ven ridiculous. 

In most therapeutic communities, the 
addict remains a full-time resident for 12 to 
18 months. The main problem with these 
communities is that their harsh tactics are 
difficult for many addicts to tolerate. Thus 
the dropout rate during the first three 


months of stay usually ranges from 50 to 80 
percent of enrolled addicts. 

Civil commitment. Some states, such 
as New York and California, have tried to 
compel treatment for addicts who commit 
crimes or who are signed into programs by 
their relatives. Most of the addicts receiv- 
ing forced treatment are not motivated for 
cure, however. The results of civil commit- 
ment have so far been discouraging, despite 
the psychological therapy, educational im- 
provement, and job training offered to 
those in the programs. For the most part 
civil commitment has been abandoned. 

There are methods of treating or advis- 
ing drug users other than those discussed 
above. They include religious groups and 
various counseling and guidance services, 
of which there are many. Religion, how- 
ever, apparently does not appeal to most 
addicts. As for the other approaches, there 
is at present very little information about 
their success. 


DRUGS AND THE LAW 


In past years, jail sentences even for 
illegal possession of drugs have sometimes 
been extremely harsh. For example, a 23- 
year-old Vietnam veteran was sentenced to 
120 years for selling a small amount of mar- 
ijuana and LSD, and an addict who sold a 
small amount of heroin in Texas was sen- 
tenced to 1,500 years. In recent years there 
has been a striking change in societal and 
legal attitudes. Drug use is now often over- 
looked and possession of small amounts of 
even very dangerous drugs is frequently re- 
garded as a minor offense. 

Possession of large amounts of any il- 
legal drug, especially agents such as heroin 
or cocaine, still results in potentially long 
prison sentences. Many people are in favor 
of more severe sentences, even for pos- 
session. Others feel that possession of 
currently illegal drugs should be decrimi- 
nalized. 

The laws must be very carefully de- 
signed so that the punishment fits the crime. 
Only intelligent and concerted action by the 
scientist, the physician, the governmental 
authority, the police, and the concerned cit- 
izen can put an end to drug abuse. 
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There is a definite link between smoking and certain types of < 


er Society 


itensive 
campaigns against smoking have been under way since the link w en 

The use of tobacco has been with us States this involves a statement ciga- 
for a long time, but it has not been until re- rette packages: “The Surgeon il has 
cently that the effect of smoking tobacco determined that cigarette smo} s dan- 
has been studied in depth. Tobacco was gerous to your health.” 
long thought to be harmless, and some con- HISTORY OF TOBACCO USE 
firmed smokers even looked to it as a sooth- 
ing practice. Now there is very strong Tobacco is the dried lea! several 
evidence that smoking is a hazard to health. species of Nicotiana, a genus of ats be- 
Smoking irrates the throat and respiratory longing to the potato family. Native to the 


passages. It is sometimes linked to loss of 
appetite, nausea, shortness of breath, and 
irregularity of the heartbeat, But, even 
more important, smoking — particularly cig- 
arette smoking—has been linked to chronic 
and often fatal diseases of the respiratory 
tract. Overwhelming statistical evidence 
shows that smokers are more likely to de- 
velop cancer of the lung, throat, tongue, 
and jaw than are non-smokers. They are 
also more likely to develop emphysema and 
bronchitis—two other serious respiratory 
diseases. The evidence is so conclusive that 
many nations have undertaken intensive 
public education campaigns to warn people 
of the dangers of smoking. In the United 
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northern part of South America, it was cul- 
tivated in various parts of the Americas 
before Columbus came to the New World. 
The word tobacco is derived from the Indi- 
an word tabaco, used for both the plant and 
the pipe in which it was smoked. 

Columbus is said to have brought small 
amounts of tobacco to Spain from Cuba. 
We know that the plant was exported at an 
early date from the New World to Portugal. 
There it came to the attention of the French 
ambassador, Jean Nicot, who sent some 
seeds to France about 1560. Nicot gave his 
name to Nicotiana, the genus to which to- 
bacco plants belong, and also to nicotine, 
the alkaloid found in tobacco. 


£ ancis Drake brought some tobac- 


co fri ye New World to England in 1585. 
He to! Sir Walter Raleigh that he had seen 
India xhaling smoke derived from burn- 
ing t co leaves. To Sir Walter is due the 
hon f it may be called that—of having 
made ipe smoking popular in England. 
The ctice of tobacco smoking was 
adop in many lands, but some people 
frov upon it. Even after the practice 
had xme established among men, every 
effo ıs made to keep women from 
adoy it. Until the twentieth century 
wor who smoked were held to be either 
rustics or eccentrics. Today smoking is 
wides read among both men and women. 
WHé IN TOBACCO 
icco can be smoked, chewed, 

and fed. Nicotine is released from 
tobi during all of these processes. In 
the inal leaf nicotine is bound to or- 
gani ids. It remains bound to these acids 
when ihe leaf is slowly dried. Besides nico- 
tine bacco smoke contains pyridine 
compounds, ammonia, carbon dioxide, car- 
bon monoxide, organic acids, ketones, and 
aldehydes. It also contains tobacco tar. All 
of these substances are irritating in varying 
degrees to the mucous membranes of the 
mouth and respiratory tract. 

\part from the tobacco tar contained 
in tobacco smoke, the effects of tobacco 


depend almost entirely upon its nicotine 
content. Nicotine is a clear liquid that be- 
comes brownish after it is exposed to air. It 
is absorbed in the body from smoke that 
has passed through the lungs. Nicotine also 
passes into the tissues from the alimentary 
tract, if it has been mixed with saliva during 
smoking, snuffing, or chewing and has after- 
ward been swallowed. 

From five to fifteen per cent of the nic- 
otine that is absorbed passes out of the 
body in the urine without having undergone 
any change. The rest is transformed in the 
body into simple compounds or into com- 
pounds related to nicotine and probably de- 
composes in the liver. If one inhales ciga- 
rette smoke deeply, the amount of nicotine 
absorbed and excreted in the urine is in- 
creased by this practice. 


NICOTINE’S EFFECTS 


Whether nicotine is introduced into the 
body by smoking or by injection, the effects 
on the brain and spinal cord are relatively 
simple. Small doses have a stimulating ef- 
fect upon various centers in the medulla 
oblongata region of the brain. They affect 
the respiratory center in this area by reflex 
action. That is, they produce effects on 
other physiological processes that in turn 
affect the respiratory center in the brain. 
They act directly upon other centers that 
slow up the action of the heart, constrict the 
arteries, and cause vomiting. Small doses 
usually produce a mildly sedative, calming 
effect on the highest brain centers. 


Top: lung from a non-smoker. Bottom: cancerous 
lung (arrow) from a heavy smoker. 


both photos, American Cancer Society 
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Large doses depress the medulla cen- 
ters. This condition is always dangerous 
and may prove fatal, The nicotine present 
in tobacco smoke could not possibly bring 
about such depression. The nicotine would 
have to be introduced into the system in 
some other way—for example, by being 
absorbed through the skin or by injection. 
When death takes place in such cases, it 
results not from paralysis of the heart but 
from arrested respiration. This is apparent- 
ly brought about by the paralysis of the 
nerve endings which lie in the respiratory 
muscles, 


nerves bring about actions that are indepen- 
dent of our will. There are two sets of 


a ay a 
mulate y activities; the mpa- 
thetic nerves check them. Sometimes the 


nerves leading to the heart are stimulated 
by nicotine, Generally the heartbeat rate 


In doses, nicotine depre 
malein and A 
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son why nicotine is not used by sicians 
in the treatment of high blood pr e. 


Fatal cases of nicotine pois: » were 
not rare when tobacco infusions taining 
nicotine, were used as insecti ss. This 
was because nicotine can be ab- «bed ef- 
fectively through the skin. |» nicotine 
poisoning, an excessive amoun aliva is 
produced. There are cold swea'. ond nau- 
sea. The blood pressure rises heart- 
beats are slow and irregular. |» ard the 
end, the blood pressure falls r y. The 
pulse becomes weak. There a iscular 
twitches and tremors. These tr: s often 
develop into convulsions. Res on be- 
comes increasingly labored. W! t fails, 
the sufferer dies. 

It is extremely difficult to tı ‘icotine 
poisoning. There is no specific lote to 
counteract its effects, particul: its de- 
pressant effects. Nicotine trem nay be 
Stopped by certain drugs. In ex e cases 
the sufferer’s life may be saved h- artificial 
respiration or by slow intrave injec- 
tions of drugs, which cause bloco »ressure 
to rise. 

Some people—a minority sers of 
tobacco—are extremely sensitive io nico- 
tine, even in the comparati small 
amounts present in tobacco smote. This is 
especially true of persons suffering from 
impairment of the blood circulation. For 
example, smoking aggravates tho symp- 
toms of Buerger’s disease, in which the 
small blood vessels in the limbs are painful- 
ly constricted. The effect of smoking is to 


constrict the blood vessels still more. Pa- 
tients suffering from Buerger’s disease are 
generally chronic smokers. If they give up 
smoking, their condition improves. If they 
do not stop smoking, poor circulation can 
Cause tissue death. Gangrene can set in and 
the affected area may have to be amputated. 
In certain extreme cases, occurring 
generally among middle-aged people, a 
heavy smoker's vision may become fogged. 
If he continues to smoke excessively, he 
may even become temporarily blind. Nor- 
mal vision is restored after the patient stops 
ing. f 
_ Nicotine may increase hydrochloric 
acid secretions in the stomach. Physicians 


often model their 
on that of their 
Thus a parent's 
may influence a 
take up the habit 


that this results in aggravating pep- 

rs. Hence they advise patients suf- 
from this ailment not to smoke. 

seems likely that, in certain instanc- 
least, there is a definite connection 
n smoking and coronary heart dis- 
Statistics have shown that death from 
th icase is twice as frequent among 
h cigarette smokers as it is among 
iokers. Many doctors tell patients 
v have had attacks to stop smoking. 
tine, of course, is by no means the sole 
e of such attacks, but it is one of the 
most serious, 

Most persons develop a tolerance for 
nicotine, When a novice has his first experi- 
ence with strong tobacco, he is likely to 
become violently sick. He will be dizzy, 
pale; and nauseated; perhaps he will vomit 
After the first trial, or first few trials, the 
unpleasant symptoms generally do not re- 
cur because tolerance to nicotine is ac- 
quired. When one or two milligrams are 
given by mouth to novices, they feel nau- 
Sea. In inveterate smokers, from six to eight 
milligrams of pure nicotine are required to 
produce nausea. This tolerance masks the 
harm caused by nicotine 

Smoking becomes a habit that is ex- 


tremely difficult for most smokers to break 
arious factors contribute to the formation 
of the habit, As one authority put it, “the 
pleasure of smoking is partly due to the 
calming action of nicotine on the central 
nervous system, partly due to the smell and 
partly due to all the ritual associated with 
lighting up.” 

Early experiments showed that nico 
tine is involved in the formation of the hab 
it. Certain heavy smokers gave up smoking 
and were injected with a little over a milli- 
gram of nicotine over a period of days or 
weeks, They reported that the hypodermic 
satisfied their craving for a smoke, Non 
smokers found the effect of the same dose 
of nicotine unpleasant, In some people the 
ritual part of smoking may be a very impor 
tant factor in establishing the habit. When 
heavy smokers observe their customary 
smoking ritual, they may be content with 
denicotinized cigarettes as a substitute 
smoke, However, many notice a difference, 
due to the absence of nicotine 


IS NICOTINE ADDICTIVE? 


Many researchers feel that nicotine is 
an addictive substance. The fact that some 
smokers and other tobacco users actively 
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seek tobacco on a daily—if not hourly — 
basis seems to support that idea. Addiction 
to nicotine is certainly not the case in all 
tobacco users, but researchers believe that 
this is the case in some. This idea of nico- 
tine as an addictive substance has not been 
accepted by many U.S. researchers, but it 
has been adopted by British scientists and 
has been incorporated into government pol- 
icies concerning smoking in the United 
Kingdom. Among the complaints reported 
by people who have stopped smoking are 
nervousness, drowsiness, anxiety, light- 
headedness, headaches, fatigue, irregularity 
of bowel movements, sweating, and cramps. 
Whether some or all of these are symptoms 
of withdrawal from an addicting substance 
is open to question. 


SMOKING AND CANCER 


Since the beginning of the twentieth 
century, it has been suspected that smoking 
may lead to cancer of the lung. At first cigar 
and pipe smoking were considered chiefly 
responsible. Evidence now indicates that 
cigarette smoking is chiefly responsible. 
The evidence is based on the following 
facts; 

(1) There has been an increase in both 
cigarette consumption and cancer in recent 
years, 

(2) There is a high proportion of heavy 
cigarette smokers among lung cancer pa- 
tients. 

(3) Cancer has been produced in ex- 
perimental animals by applying material 
condensed from tobacco smoke, 

Numerous investigators have shown 
the relationship between cigarette smoking 
and lung cancer. One of the first large-scale 
studies was undertaken by the American 
Cancer Society. The Society launched a 
research project based on a study of 
190,134 white men between the ages of 50 
and 69 inclusive. These would include 
heavy and light smokers of cigarettes, pipes, 
and cigars as well as nonsmokers. Their 
smoking habits or nonsmoking habits would 
be studied over a period of years. A careful 
record would be made of those who suc- 
cumbed to lung cancer. The project was 
headed by Drs. E. Cuyler Hammond and 
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Daniel Horn, director and vice + rector, 
respectively, of statistical researc» for the 
Society. Other doctors and 22:0 field 
workers co-operated in the proje 

The first report on this study as pub- 
lished in The Journal of the Am: Med- 
ical Association for August 7, l. The 
records of 187,766 men had be: ccess- 
fully traced. Of these men, 167 ' lied of 
lung cancer. Of these, 143 had ory of 
regular cigarette smoking. 

The researchers found that death 
rate from all causes among cigar: smok- 
ers was definitely higher than it vor men 
who had never smoked or who ha“ smoked 
only cigars or pipes. 

Drs. Hammond and Horn ew the 
following conclusions: 

(1) Lung cancer is rare a g men 
who have never smoked. 

(2) Lung cancer is an import -t cause 
of death among men smoking tw- >r more 
packs of cigarettes a day. 

(3) The death rate from h cancer 
increases with the amount o varette 
smoking. 

(4) Pipe smoking seems to be. ssociat- 
ed with lung cancer but to a far Ìt degree 
than cigarette smoking. There seers to be 
no connection between cigar sm’ ag and 
lung cancer, 

(5) In both urban and rural gi.ps, the 
lung-cancer death rates are high in). varette 
smokers and very low among men who had 
never smoked, 


(6) Giving up cigarette smoking re- 
duces the risk of lung cancer. 

In a subsequent report Drs. Hammond 
and Horn confirmed their earlier findings 
concerning the relationship between ciga- 
rette smoking and the development of lung 
cancer. They noted also that cigarette 
smokers were particularly apt to develop 
cancer of the larynx, esophagus, and blad- 
der, coronary artery disease, cirrhosis of 
the liver, influenza. pneumonia, and duo- 
denal and gastric ulcers. They pointed out 
that nonsmokers can develop cancer (1) 
because they have inhaled tobacco smoke 
contributed by smokers or (2) because they 
have been affected by general air pollution. 
This may have been due to industrial fumes 


SMOKING CAN AFFECT 


THE TWO OF YOU... 


YOUR 
LUNG 
ASSOCIATION 


‘American Lung Association 


an- gots, exhaust from gasoline and diesel 
es anes, or fine dust from asphalt or bitumi- 
no road surfaces. 

\ somewhat similar survey was car- 
ried on in England by Drs. R. Doll and 
A. B. Hill. They examined the smoking 
habits of 40,000 British physicians and they 
noted the cases of cancer that developed 
among them, They came to much the same 
conclusions as Drs. Hammond and Horn. 

Perhaps the most influential report in 
this field in recent years was that issued by 
the United States Public Health Service in 
January 1964, The report gave the results 
of a survey conducted by the President's 
Advisory Committee, which was headed by 
Dr. Luther L. Terry, Surgeon General of 
the Public Health Service. 

The members of the Committee came 
to the conclusion that cigarette smoking 
definitely causes lung cancer and that the 
risk of developing the disease increases 
with the number of cigarettes smoked per 
day. They noted, too, that cigarette smok- 
ing is a contributing factor in deaths from 
coronary artery disease, bronchitis, and 
various other ailments. Apparently, they 
observed, cigar smoking and pipe smoking 
are far less harmful, though pipe smoking 


may lead to cancer of the lip, They pointed 
out that atmospheric pollution and indus- 
trial poisons contribute less to lung disease 
than does tobacco smoking. 

Cigarette manufacturers do not con- 
cede that there is a definite connection be- 
tween cigarette smoking and cancer of the 
lungs. They are, however, required by law 
to print the warning “The Surgeon General 
has determined that cigarette smoking is 
dangerous to your health.” 


SMOKING AND CHILDREN 


The use of tobacco during pregnancy 
can affect the development of an unborn 
child—and nearly one third of all women of 
childbearing age smoke cigarettes. It has 
been shown that smoking mothers tend to 
have smaller babies than nonsmoking 
mothers. Babies born to smoking mothers 
run a greater risk of dying within the first 
year of life. Other studies have shown that 
smokers have a greater chance of mis- 
carriage and of giving birth to children with 
congenital defects. 

In experiments involving rhesus mon- 
keys, nicotine introduced into the maternal 
bloodstream affects the blood pressure, 
heart rate, oxygen supply, and acid balance 
in unborn monkeys. Perhaps these are simi- 
lar to the effects of smoking by human 
mothers, Carbon monoxide, a component 
of cigarette smoke, is also a hazard to the 
unborn child. In the blood, carbon monox- 
ide competes with oxygen. This results in a 
decreased supply of oxygen to the fetal 
tissues and seriously affects development. 

Studies of children whose mothers 
smoked during pregnancy indicate that 
these children have more chance of de- 
veloping heart defects and cancer, or ex- 
hibiting certain neurological disorders. 
Some studies done in Great Britain also 
indicate that children whose mothers 
smoked during pregnancy lag in reading 
level and social adjustment level. 

Another thought to consider is that 
children who come from families that have 
at least one smoking member are more 
likely to develop the habit themselves. Peer 
pressure from outside the home is also an 
important contributing factor, 
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ALLERGIES 


by Howard G. Rapaport 


Each year, about midsummer, millions 
of persons—children and adults alike— 
begin to show various significant symp- 
toms. They sneeze, their eyes itch and be- 
come watery, and sometimes even breath- 
ing is difficult. They feel wretched for a 
month or two, Then the symptoms abate. 
These persons are suffering from attacks of 
hay fever—a prime example of what physi- 
cians would call an allergy. 

To understand what allergies are, we 
must point out that when the normal equi- 
librium of the human body is threatened by 
an external agent, a sequence of automatic 
defense mechanisms moves into action. If 
the body becomes overheated, for example, 
it begins to perspire in order to cool itself, If 
it becomes too cold, it starts to shiver in an 
attempt to get warm. An allergy is also a 
response to an external agent. But in this 
case the response to this outside source 
is excessive and the reaction is neither nor- 
mal nor desirable. 

Over two thousand years ago, the an- 
cient Greeks described what appear to 
have been allergic reactions. Many of the 
Supposed lepers mentioned in the Bible 
may really have been suffering from an al- 
lergic skin disease, such as eczema. It is 
highly probable, indeed, that allergy and the 
allergic reaction are as old as man. Only in 
the twentieth century, however, has medi- 
cal research been able to identify the spe- 
cific nature of this type of disease and to 
start hunting for a cure for it. 

There are literally hundreds of possible 
causes of allergy, and the reaction may ex- 
press itself in the human body in many dif- 
ferent ways. One person breaks out in hives 
when he eats strawberries, Another starts 
to sneeze in the presence of dogs or cats. A 
third reacts to ordinary house dust. Some 
people have asthmatic attacks when faced 
by an emotional crisis. Certain allergies are 
quite strange. For example, a bank teller 
had to change his job when it was discov- 
ered that he was allergic to money. 


ALLERGIES 
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A woman is applying depillatory crear her leg. 
Will she develop skin redness and bu j? Aller- 
gies—some involving skin contact w articular 


substances — are quite common. 
SUSCEPTIBILITY 
The symptoms of allergy ay first 


appear at any time from infancy to old age. 
They occur most often, howey before 
the age of twenty. Indeed, one of the major 
problems facing the doctor who treats aller- 
gies is to recognize the condition early 


enough so that he will be able to start treat- 
ment when it can do the most good. Many 
allergic reactions are mistaken for other, 
less serious, conditions, especially in the 
case of infants and young children. Parents 
often neglect to mention these reactions to 
their physician until they have recurred 
several times, s 

It has long been known that inheri- 
tance plays a significant part in allergy. A 
person who has two allergic parents or 
whose family has a history of allergy has 
up to ten times as much chance of develop- 
ing an allergy as a person from a nonallergic 
family. Moreover, his symptoms will usu- 
ally appear at an earlier age than would 
otherwise be the case. 

However, persons with no trace of an 


all cic inheritance may also develop aller- 


£ ind some members of an allergic fami- 
ly -+y be completely free of allergic illness 
di. og their entire lives. There is not al- 
wavs a direct relation between the type of 


al- gy present in the parent and that which 
a ws in the offspring. For example, a 
n» er with asthma may have one asthmat- 
ic ild, another who suffers from allergic 
$ lisease but who is free of asthma, and 
a< vd who shows no signs of any allergy. 

it is not the allergy itself, but rather a 
t ‘ncy or susceptibility to allergy, that is 
p ed on from parent to child. A person 
n have a tendency to allergy and yet 
r experience a single moment of aller- 
gi illness. His system is prepared at all 
tio =s to react violently to an allergic as- 
$ He is fortunate enough, however, 
I r to have come upon an allergic sub- 

e under conditions that would lead 
to + visible reaction, 
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he major types of allergy are hay fe- 
ve (seasonal or perennial), asthma, and 
©: oma, or allergic dermatitis (inflammation 
of (he skin brought on by an allergy). Most 
all rgists believe that persons who are 
p'axued with continuous or frequently re- 
curring colds have a form of allergy. 
\mong the other conditions with a strong 
allergic basis are hives; contact dermatitis, 
which is caused by direct contact between 
the skin and the offending substance, such 
as poison ivy; pruritus, or severe localized 
itching; recurrent croup; canker sores; peri- 
odie vomiting; colic; repeated inflammation 
of the eyes; recurrent boils; chronic sinus- 
itis; and recurrent headaches. 

The form that allergy takes in the hu- 
man body generally depends on the area 
under attack. If we examine allergic tissue 
under a microscope, we find the same reac- 
tions no matter from what part of the body 
the tissue was taken. These reactions in- 
clude a weakening of the tiny blood vessels 
known as capillaries and a swelling of the 
tissues, due to an accumulation of fluid in 
and around the cells. Different parts of the 
body react differently to these changes, 
resulting in different types of allergies. The 


areas most likely to be attacked are the 
skin, which covers and protects the entire 
body, and the respiratory system, by means 
of which we take in the air we breathe and 
all the foreign matter that may be in it. 


CAUSATIVE AGENTS 


Exactly what causes an allergic reac- 
tion? As far as medical science has deter- 
mined, foreign substances enter the body 
and find their way to the bloodstream. 
These foreign agents, called antigens, stim- 
ulate the production of a class of antibodies 
called Immunoglobulin E (Ig E) antibodies. 
There are thousands of different kinds of 
antibodies, each one produced to combat a 
specific type of antigen. 

Upon their release from plasma cells, 
Ig E antibodies circulate to various parts of 
the body and attach themselves to mast 
cells, a class of cells that are located in 
parts of the body where foreign substances 
could enter, such as respiratory passages, 
skin surfaces, and the digestive tract. The 
process of attachment is called sensitiza- 
tion. Hundreds of thousands of Ig E anti- 
bodies may attach themselves to the sur- 
face of a single mast cell, waiting to interact 
with the particular antigen that originally 
caused their production. 

Later, if the same kind of antigen en- 
ters the bloodstream again, it combines 
with the antibodies and the complex trig- 
gers a release of chemicals called media- 
tors from the mast cells. More than 15 
mediators with different functions have 
been identified. These mediators initiate a 
local inflammatory response. 

The exact symptoms of allergy depend 
on the effects of the mediators and in which 
part of the body the antigen-Ig E-mast cell 
combination exists. Three major types of 
allergenic substances are inhalants, foods, 
and skin-contact substances. 

Inhalants. inhalant materials are the 
major cause of allergic attacks. The most 
common of all are the pollen of plants such 
as ragweed, grass, and trees. These pol- 
lens are generally the cause of seasonal hay 
fever. They may also mark the onset of 
severe year-round symptoms. Usually the 
allergic person will be sensitive to only one 
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type of pollen, but sometimes one type of 
seasonal allergy will lead to another. The 
most serious aspect of hay fever, as of fre- 
quently recurring colds, is that it will 
frequently lead to asthma if allowed to go 
untreated for any length of time. Asthma 
is a severe chronic condition, marked by 
difficulty in breathing. It can be crippling 
and is sometimes fatal. 

Ordinary house dust, formed by the 
slow deterioration of many different materi- 
als in the home, is another important inhal- 
ant offender. The hair and dander of many 
animals are allergenic materials, as are 
feathers, molds, insect sprays, and vege- 
table fibers. Strong odors and fumes may 
bring about a severe attack of allergy in an 
allergic individual, 

Foods and liquids. Food is a common 
source of allergic attacks. Reactions usually 
occur in children after eating or drinking the 
allergenic food and in adults after inhaling 
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it as dust or fumes. However, there have 
also been instances of food allergy due to 
contact alone. Eggs, milk, nuts, wheat. fish, 
meats, chocolate, and many other standard 
foods are liable to produce an :llergic 
reaction when eaten by themselve:. or to- 
gether with other allergenic foods. or as a 
minor ingredient in an otherwise harmless 
dish. The allergist, faced with a complex 


problem of food sensitivity, some! es has 
to track down the offending s. stance 
much as a master detective ferrei out a 
criminal who has found a place of refuge in 
a city of a million persons. 

Skin-contact substances. The best 
known cause of allergic reactions through 


direct contact is, of course, poison ivy, 
which will affect the skin of most persons 
violently even if they merely brush .vainst 
the plant. But there are many othe: mate- 
rials whose touch produces just as violent a 
reaction in sensitive individuals. Among 


The > dustlike pollens, highly magni- 
fier ‘ere, all produce allergic reac- 
tic ı susceptible individuals. These 
pi s are nearly indestructible and 
ca vel great distances. 


t are other plants, cosmetics, hair dyes, 
ching, plastics, metals, woods, chemi- 
., paints and varnishes, and jewelry. 

Others. Drugs and medicinal products 
can cause severe allergic reactions either 
by injection or swallowing or through mere 
contact. A large number of persons treated 
with the antibiotic penicillin have devel- 
oped an allergic sensitivity to it. This is also 
true of other antibiotics and of older drugs 
such as aspirin and the sulfas. Insect stings 
and bites, particularly those of the yellow 
jacket and other wasps and bees, have been 
known to cause violent allergic reactions. 

These systemic (whole body), as op- 
posed to local, reactions result when very 
large amounts of chemicals that affect the 
blood vessels enter the circulatory system 
and cause lowered blood pressure and con- 
striction of the small air passages in the 
lungs. In severe cases, without medical in- 
tervention, death may occur within half an 
hour. In the United States, allergic sudden 
death, called anaphylaxis, may account for 
several thousand deaths a year. 


Among the factors that sometimes re- 
sult in allergic reactions are acute infection 
(by either bacteria or viruses), extreme 
changes in temperature, excessive activity, 
and emotional stress. The exact role of 
emotions in allergy still remains uncertain. 
A few investigators believe that it is very 
often a direct cause of allergy; many others 
hold that it often complicates the allergic 
reaction but rarely causes it. 


DIAGNOSING ALLERGIES 


As we have pointed out, the doctor 
who treats allergy must often play the part 
of a master detective, particularly when 
trying to determine whether or not an ill- 
ness is actually allergic in nature, and—if it 
is—exactly what causes it. The first con- 
cern is usually the same as the patient's: the 
symptoms or signs of illness that brought 
him to see the doctor. Sudden spasms of 
sneezing and coughing, a running nose, and 
watery eyes—all point to hay fever, particu- 
larly if they have come on during a pollen 
season. But perhaps the patient simply has 
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Grom Hedman 
Common foods, including some fruits and vegeta- 
bios, can trigger an allergic reaction in some peo- 
ple. Usually, eating the food brings on the attack, 
but skin contact may also be involved. 


a cold. Wheezing may mean asthma, or the 
beginning of pneumonia. Actually, most 
allergists feel that wheezing is almost al- 
ways the same thing as asthma. Hives or 
eczema may be a sign of food allergy, sensi- 
tivity to animal hair, or a reaction to a nylon 
blouse. Slowly, with extreme care and at- 
tention to detail, the skilled allergist makes 
his way through the maze of vague hints 
and sometimes contradictory signs to the 
correct diagnosis. Perhaps the symptoms 
alone will reveal the answer. Often, how- 
ever, they will indicate that further study is 
needed. 

The previous medical history of the 
patient and his immediate family sometimes 
provides the key to a correct diagnosis of 
allergy. If the patient had frequent bouts of 
colic or diaper rash as a child, or if his par- 
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ents or other close relatives have been 


treated for allergy, it is very likely t 1¢ is 
susceptible to allergy himself. A lete 
history may also indicate the spe fac- 
tors in the patient’s environment t use 
his allergic attacks. 

An important tool in the di of 
allergy is the Allergic Index, whi lows 
the doctor to keep track of any rea hat 
might possibly be allergic in nat ach 
symptom is given a specific wei the 
overall allergic picture. When a cer tal 
is reached, the physican can be that 
the patient has a significant majt rgy 
and can adopt measures to contr: 

A most important element in liag- 
nosis of allergy, after taking a hist: the 
process known as skin-testing he 
sterilizes the skin, the doctor mak« \um- 
ber of small, painless scratches ir re- 
arm. They are just deep enough eak 
the surface of the skin but not so di s to 
draw blood. A small amount of po egg, 
or other material suspected of cai the 
allergic attack is then placed on itch 
and mixed with a solvent, applied vith a 
medicine dropper. A different sub: e is 
rubbed into each scratch. 

If the patient is allergic to one the 
materials tested, a minor local reaction that 
looks like hives or a mosquito bite will usu- 
ally appear on the site of the scratch within 
ten or twenty minutes, Perhaps allergy to 


several different substances will be indicat- 
ed. The absence of a reaction does not 
mean that no allergy is present, but rather 
that other tests must be used to find it 

Another type of skin test, the intrader- 
mal, is sometimes used when scratch tests 
have not given positive results. In this 
method, a minute amount of the suspected 
material is injected directly into the skin of 
the patient, instead of just being rubbed into 
a scratch on the surface. The intradermal 
test will often indicate whether or not an 
allergy to a specific substance exists. How- 
ever, since it may lead to severe reactions, 
it is not used so frequently. r 

If a contact allergy is suspected, a sim- 
ple patch test may be performed. This in- 
volves placing a bit of the suspected sub- 
stance (such as paint, soap, or a cosmetic) 


next to the skin and taping it in place for a 
day or two. A positive reaction almost al- 
ways indicates allergic sensitivity. 

in all types of skin tests, there is al- 
ways a blank or control test, applied at the 
same time as the others. In this, the skin is 
scratched or punctured but no allergic ma- 
terial is introduced. The doctor can then 
determine whether the patient is allergic to 
the irritation caused by the scratching or 
injection, rather than to the test material. 

Unfortunately, numerous factors may 
complicate a program of skin testing. For 
one thing, while a positive reaction may 
indicate a definite allergy to the test sub- 
stance, it does not prove that a specific sub- 
stance is the cause of the allergic condition 
present in the patient. Also, a positive skin 
rection may only indicate a previous sensi- 
tivity or potential future sensitivity to the 
substance being tested. The results of any 
program of skin testing, therefore, must be 
related to the disease symptoms, to the pre- 
vious history of the patient, and to any 
other pertinent conditions. 


TREATMENT 


It is obvious that the earlier an allergy 
is identified and treatment started, the bet- 
ter the chances are for a successful out- 
come. An allergic condition that is allowed 
to go untreated for any length of time will 
tend to get worse. Complications may de- 
velop, and treatment will be more difficult. 

Once the cause of the allergy has been 
determined, a program of treatment can be 
started. Of course, the simplest and most 


effective treatment would be to avoid all 
future contact with the offending substance. 
Unfortunately, this is not always possible. 
It is relatively easy, for example, to keep 
from swallowing aspirin or touching the 
poison ivy plant, but how does one go about 
avoiding house dust, or ragweed pollen dur- 
ing the height of the pollen season? It is not 
always feasible to move to a place where 
the offending pollen is not found. When al- 
lergy to a particular food has been demon- 
strated, it is best to eliminate the allergenic 
food from the patient's diet. We can safely 
substitute many foods, prepared especially 
for allergic children, for allergenic items, 
and at the same time maintain a healthy and 
varied diet. Of course, only a doctor is qual- 
ified to decide on an adequate diet when 
any basic food must be forbidden. 

Hyposensitization. When contact with 
the allergenic material cannot be avoided, 
the patient's system must be trained to live 
with it. This is done by means of hyposensi- 
tization, which is medical science's basic 
weapon against allergy. The physician first 
injects an extremely small amount of the 
offending substance into the patient's sys- 
tem. Gradually, he increases the amount 
that is injected. In time, the patient's body 
becomes accustomed to accept large 
amounts of the material without experienc- 
ing any allergic effects. 

In the case of a seasonal allergy, injec- 
tions may be given once or twice a week for 
several months before the start of each pol- 
len season; or else, after the first year, the 
patient may be injected once every two or 


Insect stings, such as those from the bee (lower left) and the wasp, may cause 
severe allergic reactions in some individuals, Certain plants, such as poison ivy, 
poison sumac, and poison oak, very commonly cause allergic reactions through 
contact 
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three weeks on a year-round sche Bi- 


ther method will usually prevent « Juce 
attacks of seasonal hay fever. Ar! two 
full years without any signs of » are 
necessary before hyposensilization -an be 
stopped, Even then it must be re cred 
that the symptoms can reappear a ime 

One widely held belief abou! y is 
that children outgrow it. This is r elf 
one ignores early signs of alle the 
hope that they will disappear cm 
selves, the results will be unfor! and 
often tragic. Even if the first sign rgy 
should clear up without treatment ne- 
times happens in rare cases, | rgic 
tendency would still be present ght 
cause more serious trouble in | ire 
The best time to treat allergy is w? first 
appears, Even a young infant car ypo- 
sensitized by an experienced all 

Drugs. In recent years, great ess 
has been made in relieving the nm np 
toms of the common allergics nth 
histamine drugs, although not the alls 
they were once thought to be, can ery 
useful in providing temporary + in 
minor allergies. The steroid / $ 
cortisone and hydrocortisone and t vn 
thetic substitutes—can also be of me 
value in some instances. Both | nti 
histamines and the steroids, however, are 
generally used only for tempora chef 


until hyposensitization can take ef! 


The conventional approach to treating 
allergy has emphasized identificat fal 
lergens, treatment with drugs, or hyposen 
sitization, But new treatments may arise 


with increased understanding of the mech 
anism of allergy reaction. Work with con 
jugated allergens (complexes of antigen 
with chemicals) suggests that it may be pot 
sible to control Ig E production and the 
level of Ig E in the blood. As a possible key 
to improved allergy therapy, scientists are 
studying an enzyme called adeny! cyclase, 
which influences the release of mediators 

Allergists expect that, eventually. spe- 
cific drugs will provide immediate relief and 
even permanent protection. This would 
represent a major and perhaps conclusive 
victory in the continuing campaign against 
the ravages of allergic reactions 
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INFLUENZA 
by Lawrence K. Altman, MO. 
€ m suddenly, with a head A VERY COMMON AILMENT 
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UPI 
When there was widespead fear of a swine flue epi- 
demic, researchers rushed to develop a vaccine 
against it. Top: eggs inoculated with swine flu 
seed being incubated. Lower: fluid taken from the 
eggs is harvested and collected to be used in pre- 
Paring swine flu vaccine for humans. 


This is a relatively short Span as infections 
go, but one influenza victim can pass the 
virus on to scores of people in the few days, 
and they in turn to hundreds more, setting 
in motion the chain of events that produces 
an explosive outbreak, if not an epidemic, 


POSSIBLE SERIOUS EFFECTS 


Influenza can kill directly by its action 
on the respiratory system. But the more 
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usual cause of death is a second: eu- 
monia due to invading staphyloco ac- 
teria or other bacteria. The influer us’ 
attack on the lungs and immun tem 
seems to break down the patie sis- 
tance, making the individual more pti- 
ble to the secondary infection. 

Although most victims sury the 
outbreak of influenza seriously dis the 
economy. Such costs are among ea- 
sons public health officials follow za 


activity so closely. 
NEW STRAINS DEVELOP 


In 1976, influenza attracted « dus 
public attention throughout the be- 
cause of a new strain of influenz: lis- 
covered in a small outbreak among ry 
personnel at Ft. Dix, New Jers the 
United States. It resembled tt ine 
strain believed to have caus he 
1918-1919 epidemic of influenz: of 
the worst epidemics in history. 

The new virus was official led 
influenza A/New Jersey, but lly 
everyone knew it by the nickna ne 
flu. The discovery of the virus and ern 
that it could lead to an explosive nic 
led the U.S. government to spur dr m- 
panies to rapidly make enough ine 
against the new strain to inocula ery 
American, The plan came under a k as 
soon as the program started, and rn- 
ment officials were forced to stop t! jec- 
tions after the discovery of an apparent link 
between the vaccine and a temporary para- 


lytic condition called Guillain-Barre syn- 
drome, 


NOT A NEW DISEASE 


Although the A/New Jersey (swine) 
strain was new, it was still a variety of the 
virus that has caused epidemics for centu- 
ries. No one is sure when the first outbreak 
occurred, but some medical historians be- 
lieve that epidemics of influenza, although 
not called by that name, were described as 
early as Hippocrates about 400 B.c. 

What now appears to have been influ- 
enza was called by various names until the 
beginning sixteenth century, when the 
Italians introduced the name influenza, at- 
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success of any vaccination program depends 
nly on the effectiveness of the vaccine but also 
e care and speed with which it can be distrib- 
d to a large segment of the population. Here, 
ers carefully package vials of vaccine for ship- 


tributing the occurrence of an outbreak at 
that time to the influence, or influenza, of 
the stars and heavenly bodies. About two 
enturies later the English adopted the 
name influenza, and in the eighteenth cen- 
tury the French added the term grippe to 
the vocabulary that describes influenza. 
However influenza has been de- 
scribed, epidemics have occurred periodi- 
cally at irregular intervals. The least pre- 
dictable feature about influenza is just when 
a new epidemic will come. The most pre- 
dictable point is that another epidemic will 
occur. Even more mystifying is another 
predictable feature: when epidemics occur, 
they invariably occur in the winter season. 
The influenza virus is destroyed when ex- 
posed to sunlight, and one theory advanced 
for the seasonal pattern is that people tend 
to stay closer together indoors in the win- 
ter. This increases the likelihood of the dis- 
ease spreading. In the summer, on the other 


hand, the viral droplets become diluted in 
the sunlight, and people are more dis- 
persed. However, no one is able to explain 
fully the oddity that influenza in horses 
does not follow the same seasonal trends as 
in humans. Most horse outbreaks have 
been in the spring and summer. 


WHAT ABOUT THE VIRUS? 


Influenza has been as well studied as 
perhaps any other virus. Yet scientists still 
know very little about just how it causes an 
epidemic and whether there are a limited or 
an endless number of influenza viruses in 
nature. Nor do scientists know precisely 
what the virus does in the infected person 
or animal, how to make a vaccine that will 
control, if not eradicate, the infection, and 
how to develop effective drugs or other 
therapies. 

Of all influenza epidemics, the 1918- 
1919 epidemic may have been the worst. 
Millions of people died of influenza through- 
out the world. About one half of the deaths 
were in the 20 to 40 age group. 

The 1918-1919 epidemic occurred 
before doctors knew that a virus caused 
influenza, and little is known about the vi- 
ruses that caused earlier outbreaks and epi- 
demics. In fact, the 1918-1919 epidemic 
came only a few decades after the idea that 
infections were contagious had been gener- 
ally accepted, 

Even now, scientists have not iden- 
tified the virus responsible for the 1918- 
1919 pandemic. But from blood samples 
taken from people who were alive at that 
time, doctors now believe that the pan- 
demic was caused by a swinelike strain of 
influenza virus. 

The identification of the influenza 
virus, like the discovery of some other 
disease-causing organisms, came about 
through the contributions of veterin: ians. 
A veterinarian who had observed a disease 
in pigs thought it was the same as the 1918 
pandemic, but there was no laboratory 
proof. In 1928, veterinarians transmitted 
influenza from pig to pig by injecting mucus 
taken from the respiratory tracts of sick 
pigs into the noses of healthy pigs. That 
proved it could be passed from one person 
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to another, but it did not identify the causa- 
tive organism. When the experiments were 
repeated, using material that had passed 
through a fine filter, scientists knew the 
causative agent must be a virus. Bacteria 
and most other known disease-produc- 
ing organisms cannot pass through a fine 
filter. Viruses—very small organisms— 
can. In 1931, the virus was isolated from 
swine. 

In 1933, cultures taken from the throat 
of a human influenza victim were filtered 
and the material injected into ferrets, which 
then developed influenza. These experi- 
ments demonstrated that a virus caused 
influenza in humans. 

Over the next few years, scientists 
learned that there were three main types of 
influenza, called A, B, and C. Since then, 
epidemiologists have learned that Type A 
is the most important because it seems to 
be the one that causes serious world- 
wide pandemics; Type B also causes epi- 
demics, but less frequently. Type C is 
uncommon, 

When seen through the electron micro- 
scope, the three types of influenza virus are 
indistinguishable from one another. They 
appear as spherical viruses about 1/10,000 
millimeter in diameter. But they do differ in 
the chemical substance that they re- 
lease in the body. Infection with one type 
does not confer immunity to another type. 
Each of the three main types has sub- 
types, and within subtypes there are 
Variants. 

Although the composition of the virus 
is known, how it infects humans remains a 
puzzle. The surface of the virus is covered 
with two kinds of spikes. One is called hem- 
aglutin (H) because in laboratory tests it 
Causes the clumping or agglutinating of red 
blood cells. The other is called neuramini- 
dase (N), which is an enzyme. Because H 
and N are the antigens against which the 
body produces antibodies, they are consid- 
ered the most important of the influenza 
virus’ four antigens. The other two antigens 
are in the core that consists of RNA 
(ribonucleic acid) genetic material. The 
core antigens do not lead to the production 
of an antibody. 
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A CHANGEABLE VIRUS 


Influenza viruses have a unic op- 
erty. The character of the H anc inti- 
gens can change spontaneously in und 
ways through a phenomenon cal nti- 
genic shift. When these antigens c} e in 
minor ways it is called antigeni A 
shift can be likened to a change in « and 
a drift to a change in shade of t ume 
color. It is the creation of new s! that 
leads to major pandemics. Drifts n en- 
erally lead to localized outbreaks mall 
epidemics. 

Virologists believe that the life ofa 
human influenza subtype is from pan- 
demic to the next. This reflects ano! vhe- 
nomenon of influenza. Arrival of a sub- 
type ousts the old one. Whereas | are 
concurrent multiple subtypes and ints 
of other viruses, only the influer irus 
seems to behave by annihilating old: ms. 

Influenza Type A pandemics nti- 
genic shifts are not regular event Jost 
recently, they occurred in 1918, 1 ind 
in 1969, periods separated by 39 12 


years, respectively. 
TRYING TO PREDICT OUTBREAKS 


Scientists have yet to find a y to 
predict accurately just when a new uen- 
za epidemic will occur or what chars in 
antigenic character will arise. Yet thers is a 
tremendous need to develop the capacity 
for such predictions. The reason is that the 
major threat of influenza to humans is the 


possibility of the emergence of a highly vir- 
ulent strain that could produce pandemics, 
decimate populations throughout the world, 
and affect young and healthy people as well 
as the chronically ill and elderly. 

Experts contend that they know of no 
reason why a pandemic as devastating as or 
even more horrendous than the 1918-1919 
pandemic might not be on the horizon. For 
a better understanding of how and at what 
rate influenza spreads — its epidemiology — 
the strains of influenza virus must be isolat- 
ed and identified as early as possible. 

In 1947, to establish a quick influenza 
identification system, the World Health 
Organization in Geneva, Switzerland, set 


ur 


q 
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international network of collaborating 
atories to monitor the disease. The 
to isolate viruses when and where 
reaks of influenza occur and to deter- 
their similarities to, or differences 
previously identified strains. The 
er of collaborators in this program has 
jally increased to a total of 97 labora- 
in 69 countries. Even with the net- 
there are large areas of the world 
re poorly monitored, however. 


INES—AN ANSWER? 


\ chief benefit of the surveillance sys- 


is to allow a longer lead time in prepar- 


ew vaccines. The newest strain of in- 


ıza Virus must be included if a vaccine 


provide maximum chance of protec- 
\wainst infection. The first vaccine was 
loped in 1943. Since then vaccine de- 


hronically ill and the elderly are the most seri- 


affected by an attack of influenza, and are fre- 


tly the first vaccinated when an outbreak 


‘ens, 
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velopers have increased the potency of the 
influenza vaccine while at the same time 
decreasing its toxicity. The currently used 
vaccines are up to 80 per cent effective, but 
immunity generally lasts only one year. 
Because these vaccines are still far from 
perfect, a major goal of influenza experts is 
to improve existing vaccines. 

Further, some scientists doubt that 
vaccines alone will ever provide optimal 
control of influenza. Accordingly, many 
scientist are trying to develop effective drug 
therapies that could be given either in con- 
junction with vaccine or independently. 
Amantadine is one drug that has been test- 
ed, but its usefulness is considered limited 
because it seems to work against influenza 
A virus only. However, that alone has been 
enough to encourage pharmacologists to 
seek other drugs that might be useful 
against influenza. 

Although the influenza virus was first 
discovered in the pig, scientists paid rela- 
tively little attention to animal influenza 
until recent years. In the late 1950s, the 
World Health Organization began a survey 
to detect evidence of influenza in animals, 
and it found many influenza A subtypes in a 
variety of domestic and wild species such 
as swine, horses, dogs, and birds. The ill- 
ness in animals sometimes is remarkably 
similar to that in humans, with herds or 
flocks sometimes prostrated for several 
days and the animals breathing laboriously. 
But it is not clear what role animal influenza 
viruses have in producing the illness in 
humans. 

STILL LEARNING ABOUT IT 


Among the reasons for the renewed 
interest in animal influenza was the surpris- 
ing discovery in 1974 that influenza viruses 
can be isolated more frequently from the 
cloaca (an excretory receptacle) than from 
the respiratory tract of migrating birds. The 
finding raises the possibility that in animals 
influenza virus might be shed in droppings 
and not through the respiratory system. It 
is these and other observations on the ecol- 
ogy of wildlife that may help unravel just 
how influenza spreads among animals and 
humans. 
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ARTHRITIS 


by Suzanne Loebli 


Arthritis is mankind’s oldest known 
chronic disease. The disease plagued the 
Java, Lansing, and Neanderthal men who 
lived more than 400,000 years ago. Arthri- 
tis is also one of mankind’s commonest 
chronic diseases. Today in the United 
States, arthritis, or rather the arthritides, a 
group of arthritislike diseases, affect over 
20,000,000 people seriously enough to re- 
quire medical care. Another 35,000,000 
people have the disease to a minor degree 
and manage on their own. 

The word arthritis means joint (arthro) 
inflammation (itis). Painful, swollen joints 
are one of the major characteristics of a 
group of about 80 different arthritis-related 
conditions that include osteoarthritis, rheu- 
matoid arthritis, and gout as well as some 
less well-known disorders such as systemic 
lupus erythematosus, scleroderma, and 
ankylosing spondylitis. 

Arthritis-related diseases are not re- 
stricted to humans. Evidence of joint deteri- 
oration has been detected in the skeleton of 
the 100,000,000-year-old swimming rep- 
tile, platecarpus, and the horse and the dog 
suffer from the diseases. 


OSTEOARTHRITIS 


Osteoarthritis is the most common 
form of arthritis. It is sometimes called the 
wear-and-tear disease. Indeed the X rays of 
95 per cent of persons over the age of 65 
show some evidence of joint erosion. The 
changes that take place in an osteoarthritic 
Joint are very similar to those seen in other 
forms of arthritis, 

_ Osteoarthritis can be primary, starting 
without any apparent provocation, or sec- 
ondary, occurring as a result of one-time or 
repeated trauma, or injury. Football players 
commonly have arthritic knees, ballet dan- 
cers arthritic toes, and keypunch operators 
have trouble with the index finger joint. 

_Osteoarthritis often affects only a sin- 
gle joint in the body. The cartilage, or soft 
elastic tissue surrounding the joint, is often 
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The Ar lation 


Rheumatoid arthritis is a common form © jis- 
ease, and often occurs at an early age. 

the first part affected. The first noticvable 
change is a softening, pitting, and fraying of 
the smooth cartilage surface, followed by 
loss of elasticity. Pain and impaired mobili- 


ty are common early symptoms. 

Treatment of osteoarthritis is aimed at 
suppressing the inflammation. If only one 
joint is affected, this is sometimes handled 
by local injection of an anti-inflammatory 
drug. Much progress has been made in the 
surgical treatment of osteoarthritis, and 
total joint replacement has been highly suc- 
cessful. 


RHEUMATOID ARTHRITIS 


Rheumatoid arthritis is the second 
most common form of arthritis. In the Uni- 
ted States alone, it affects about 5,000,000 
persons—three times as many females as 
males. It may occur at any age, frequently 
starting in early adulthood. 

Unlike localized osteoarthritis, rheu- 


»id arthritis is systemic, meaning that it 
the entire body, sometimes causing 
tigue and weight loss. An abnormal pro- 
in called the rheumatoid factor is present 

about 75 per cent of patients with rheu- 
»atoid arthritis. 

Rheumatoid arthritis usually affects 
mmetric joints. Thus, if the joint in the 
ird finger of the left hand is affected, so, 
ually, is the corresponding joint in the 
ht hand. The disease, like all forms of 
thritis, is highly variable, its symptoms 

nd course differing greatly among individ- 
ls. No two patients are exactly alike. 
makes the diagnosis of the disease 
iifficult. 
Rheumatoid arthritis is a chronic dis- 
Fortunately, however, one of its star- 
ig features is that it often comes and 
oes. Even patients with severe disease 
have periods during which they feel free of 
symptoms. 

The treatment of rheumatoid arthritis 
; complex, involving the use of drugs such 
ıs pain killers and anti-inflammatory agents 
1s well as rest and exercise. 

Rheumatoid arthritis sometimes af- 
fects children. In the United States about 
250,000 children are afflicted with juvenile 
rheumatoid arthritis. The great majority of 
these children outgrow the disease, but of- 
ten only after many years of suffering. 


GOUT 


E 


Gout is a metabolic disease associated 
with acute attacks of arthritis. It is a form of 
arthritis that can be treated very successful- 
ly. Patients suffering from gout have a de- 
fect in the way they handle uric acid, a key 
organic degradation product of proteins and 
purines. 

For a variety of reasons—mainly ei- 
ther an overproduction of uric acid or too 
little urinary excretion of uric acid—gout 
patients have too much acid in their blood. 
This acid can crystallize out, much as sugar 
crystals collect at the bottom of a jar of 
honey. During an acute attack of gout, uric 
acid crystals become lodged in a joint—the 
big toe joint being a favorite target. There 
the acid crystals initiate the inflammatory 
process. 


Dr, Richard Laskin 


Joints, like the knee, damaged by arthritis, can now 
be replaced with artificial ones. 


Some drugs, such as allopurinol, col- 
chicine, and probenecid, can correct the 
defect in uric acid metabolism—either by 
preventing excess formation of uric acid or 
by speeding up its elimination in the urine. 
Today few patients with gout need to suffer 
any of the overt symptoms of the disease, 
although the underlying condition that 
causes the gout will not be cured by these 
chemical treatments. 


INFECTIOUS ARTHRITIS 


Common infectious agents, such as 
those that cause tuberculosis, gonorrhea, or 
staphylococcus infections, can become 
lodged in joints, where they cause intense 
inflammation. The recent upsurge in vene- 
real disease has led to an increase in infec- 
tious arthritis. Infectious arthritis is a medi- 
cal emergency, because it can lead to rapid 
cartilage destruction. It is, however, easily 
treated with suitable antibiotic agents. 
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OTHER FORMS OF ARTHRITIS 


pasadan a spondylitis, pees lupus 
erythematosus, and scleroderma are all se- 
rious forms of arthritis that fortunately 
occur rarely. 

Ankylosing spondylitis occurs ten 
times more frequently in men than in wom- 
en. It usually begins in adolescence or carly 
adulthood. Untreated, it results in fusion of 
the spine and consequently impaired move- 
ment. In 1973 it was discovered that the 
great majority Sic hove suffering from 

itis have a characteristic 
CHA W-27. This marker 
could be used to identify persons at risk of 


par ey Bmpr i spondylitis, 
The of HA W-27 is also an 
discovery 


important from a research point 
of view, since it and other yet-to-be-dis- 
covered genetic markers may give a clue as 
to what type of person is at risk of develop- 


ing 
Systemic lupus erythematosus is a 
cousin of rheumatoid arthritis and, like reu- 
matokd arthritis, affects more women than 
men. It is associated with a disorder of the 


overproduction eventually 
results in the choking of vital organs. Skin 
that looks and feels too tight is a character- 
istic of this disease. 


Osteoarthritis, the “we tear 
disease,” may Cause di on 
of the joints in elderty pors 


Aenemo miae 


THE INFLAMED JOINT 


Joint inflammation is the ion 
ground of the arthritis-type di ses 
A joint is the junction between two ore 
bones, Bone ends are usually co; by 
cartilage, a soft, elastic tissue, whi the 
precursor of fully mineralized bo he 
joint itself is enclosed in a join: ule 


that is lined by a thin lining- t no» 
vium—and filled with a lubric the 
Joint fluid. The joint is operated ed, 
Stretched, rotated, opened, and « j— 
by a system of muscles and tendon 

The initial step that triggers inf: ~na- 


tion is not known for most forms of ar- 
thritide diseases, but much of what happens 
once the inflammation is underway has 
been elucidated. 


Any type of inflammation — including 
an inflamed arthritic joint — is characterized 
by heat, pain, swelling, and redness. The 
joint feels hot when touched, is intensely 
painful, swells, and may appear red 

Inflammation is a normal physiological 
mechanism, an attempt of the body to rid 
itself of something it considers foreign. The 
enemy can be many things—a splinter, a 
foreign protein, a transplanted organ, a par- 
ticle of some sort, or a virus. 

ANTIBODY PRODUCTION 


The body reacts to such provocation 
with both humoral and cellular responses. 
The humoral response refers to the special 
proteins — antibodies —that the body manu- 


tures when it encounters a foreign 
bstance, or antigen. An antibody is 
aerated against a specific antigen and 
mbines with it, thus neutralizing the 
tigen, In the normal course of events, the 
tibody-antigen complex is somehow dis- 
osed of, Antibodies are made by special- 
ed white blood cells called plasma cells. 


ELLULAR RESPONSE 


The cellular response of the body also 
involves the white blood cells —one type of 
vhite cell in particular, the phagocyte, oF 
cating cell, Phagocytes are to 
physically remove an offender, including 
‘he antigen-antibody complexes, from the 
cene of the battle, The have 
veen to foot soldiers. Their func- 
ion is to swallow and digest the enemy. To 
‘his end they are equipped with special cor- 
rosive enzymes — the lysosomal enzymes = 
inside special little sacs sana lysosomes. 


In arthritis, the lysosomal enzymes 
escape into the joint cavity and attack the 
membrane. This initiates the in- 
flammatory process. The synovial mem- 


that suppress inflammation, Some of the 


are aspirin, gold salts, and cortisone. Some 
of the newer cyfoxic agents, which sup- 
press the white blood cells, are being used 
to treat rheumatoid arthritis on an experi- 


n 
ind 
HER 
H 


352 
i 
: 


i 
ze 
H 
23 
iF 
i 
$s 


these antigen-antibod 7 
matoid factor that was mentioned 
the article is one example of such 
F: 

is still more evidence that the 
may be involved. The 
patients suffering from 


Aun 


ii] 
if 


78S jp 
RHE: 
tet 
A zagat z 
afb H ‘i 
lid! 
FLA 
AREE 


abnormal immunological complexes pro- 
duced by the body may very well play an 
important role in triggering self-perpetuat- 
ing joint inflammation. 
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ORGAN TRANSPLANTS 


by James D. Hardy and Fikri Alican 


“I'm going to live,” said Louis B. Rus- 
sell, Jr., as he entered the surgery room at 
the Medical College of Virginia. During the 
next four hours a team of doctors headed 
by surgeon Richard R. Lower performed 
the world’s thirty-fourth heart transplant. 
They replaced Russell’s diseased heart 
with the healthy heart of a 17-year-old gun- 
shot victim. That was on August 24, 1968. 

After that time Russell’s life changed: 
the 45-year old father of three became more 
active than ever, He taught industrial arts 
five days a week at a junior high school in 
Indianapolis, Indiana. In addition, he made 
as many as ten speeches a week to local and 
state organizations. He drove a car, rode a 
bike, and repaired the roof on his home. 


ORGAN TRANSPLANTS 


In April 1970 the energetic Russell 
became the world’s longest-surviving heart 
recipient. “I knew I was going to get this 
far,” he said. His doctor, Robert B. Cheva- 
lier, whom he was visiting three times a 
week, commented: “If they were all like 
this, we'd be doing heart transplants every 
day.” 

In 1976 Russell died. His transplant 
was nonetheless considered a success. He 
had lived eight years more than he probably 
would have without his “new heart.” 


FROM ONE TO ANOTHER 


The history of transplant operations 
did not begin in the twentieth century. 
Rather, it dates back to the Hindus who 


ed hundreds of years before the first cen- 
v A.D. There are accounts of transplan- 
ions from that time until the present. 
me are believed to be more fiction than 
t, but others are considered true. 

The early operations that were suc- 
ssful were autografts, operations in 
iich the graft is from one part of a per- 
1's body to another part of his body. This 
cess is valuable in grafting skin, blood 
sssels, and nerves. But if a person has a 
eased heart or liver that must be re- 
ced, the replacement must come from 
ather organism. If the donor organism is 
he same species as the recipient, we call 
` transplant a homograft. Transplanting a 
irt from one human being to another is a 
mograft. Transplanting a kidney from a 
ıd dog to a living dog is also a homograft. 

Surgeons have also experimented with 
its between different species, as from a 
g to a sheep, or a chimpanzee to a man. 
iese are called heterografts. 


{EJECTION 


Transplantation of organs from one 
uman being to another has been success- 
ully done only since the 1950s. In October 
954, Richard Herrick, a 24-year-old U.S. 
oast Guardsman, lay dying of kidney 

‘isease at Peter Bent Brigham Hospital in 
Soston. Richard’s identical twin, Ronald, 
was willing to donate one of his healthy 
kidneys to his brother. In a two-hour opera- 
tion, doctors removed the kidney from 
Ronald and grafted it into Richard’s abdo- 
men. 

Previous kidney transplants had been 
technically successful, but the patients had 
died within days or weeks of receiving their 
new organs. Richard was the first patient to 
survive for a long period of time and to lead 
a normal, active life. He died in 1963 of 
heart disease and pneumonia. 

Since that time doctors have been 
technically successful in transplanting al- 
most all of the major organs except the 
brain. But many of these technical suc- 
cesses have not been followed by long life. 
Too often the patient dies soon after the 
operation. The cause of the death: rejection 
of the donor organ by the patient’s body. 


Why does rejection occur? Every indi- 
vidual contains a variety of large, complex 
molecules called antigens. These are inher- 
ited characteristics. Different people have 
different combinations of antigens. You 
have probably heard of some of the anti- 
gens that may be present in a human being. 
For example, the A, B, and Rh antigens 
found in blood. Viruses, bacteria, and other 
organisms also have antigens. 

If such antigens get into a human be- 
ing, they may cause diseases. To protect 
against such diseases, lymph cells in the 
body produce antibodies. These protein 
substances destroy antigens that do not 
naturally occur in the body. This would in- 
clude bacterial antigens, mouse antigens, 
monkey antigens, even human antigens that 
have not been inherited by that person. 
Antibodies, as you can see, are a very valu- 
able defense against germs that cause diph- 
theria, pneumonia, and other diseases. But 
they present a major problem in a trans- 
plant operation. If the donor organ contains 
certain antigens not found in the recipient, 
the recipient’s body makes antibodies that 
fight these strange antigens. In the process 
the donor organ is destroyed, or rejected. 


TREATING REJECTION 


Doctors now use three methods to 
prevent or diminish the intensity of the 
rejection phenomenon: radiation, immuno- 
suppressive drugs, and tissue typing. 

Radiation. Doctors have found that 
X-ray radiation, applied at the site of the 
graft and at sites where antibodies are pro- 
duced, will decrease the chances of rejec- 
tion. However, radiation is, at best, only a 
partial solution. The doses needed to com- 
pletely prevent rejection are so great that 
they would also cause severe damage or 
death to the cells in the patient's body. 

Immunosuppressive drugs. These are 
drugs that suppress the production of anti- 
bodies. At the present time three such 
drugs are in common use: azathioprine, 
cortisonelike substances, and antilympho- 
cytic globulin (AIG), a substance pro- 
duced in horses and other animals that have 
been sensitized to react against human 
lymph cells. Doctors use different amounts 


ORGAN TRANSPLANTS 


461 


462 


and combinations of these drugs. They are 
given to the patient as long as the graft sur- 
vives, But immunosuppressive drugs have 
one very important drawback: not only do 
they suppress the production of antibodies 
that fight transplanted organs, but they also 
deprive the person of antibodies that fight 
infectious diseases, making him overly sus- 
ceptible to invading germs. Consequently, 
infectious diseases such as pneumonia have 
caused the death of many transplant re- 
cipients whose new organs were function- 
ing satisfactorily, In an effort to avoid this, 
doctors try to administer the drugs in 
amounts sufficient to prevent rejection of 
the transplanted organ without dangerously 
lowering the body's ability to fight disease. 
They also use antibiotics to help control 
any infections, 
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recipient with respect to these antigens, 
‘ey would have a better chance of a suc- 
ssful transplant, The process of deter- 
ning Which antigens are present in the 
nphocytes is called tissue typing. It is 
ry similar to blood typing, which deter- 
nes which antigens are present in red 
‘ood cells. 
In recent years more than 25 different 
site-blood-cell, or tissue, antigens have 
cen recognized. A given person may have 
iny number and combination of these. For 
iis reason, the probability that any two 
ersons will have exactly the same antigens 
. very, very small, But tissue typing allows 
»etors to select the available donor organ 
est matched for a waiting recipient. 
Studies of graft-survival rates have 
sown that, in general, the greater the com- 
ulibility of the tissue types, the greater the 
vival rates. This is especially true in 
ses where patients survive for more than 
‘ee months. For example, a study at the 
niversity of Colorado Medical Center in 
enver found that 38 per cent of the early 
\tients receiving kidney transplants from 
inrelated donors survived at least a year. 
But after tissue typing was insituted and 
lionor and recipient were closely matched, 
he one-year-survival rate jumped to 79 per 
cent, 

Good tissue compatibility also de- 
creases the chances of rejection episodes — 
crisis periods during which the patient must 
be given exceptionally heavy doses of 
immunosuppressive drugs to overcome an- 
tibody production. 

There are probably some important 
tissue antigens that have not yet been rec- 
ognized. Once all such antigens have been 
defined and doctors can graft organs with a 
minimum number of “strange” antigens, 
survival rates will undoubtedly increase 
greatly. 


FINDING DONORS 


Many thousands of people, afflicted 
with fatal diseases, could benefit from or- 
gan transplants. For example, in the United 
States approximately 40,000 persons die 
each year from kidney disease. An estimat- 
ed 6,000 to 8,000 could be saved by a trans- 


plant operation. An estimated 32,000 who 
die each year of heart disease could be 
saved if they were given new hearts. Unfor- 
tunately the number of donor organs avail- 
able is far fewer than the number of patients 
who could benefit from receiving them. 

Where do doctors get donor organs? In 
a kidney operation the organ may come 
from a living person. Although a person has 
two kidneys, it is possible to lead a normal 
life with only one kidney. Thus twins, sib- 
lings, and parents have often donated a 
healthy kidney to a relative dying because 
of kidney disease. 

In most transplant operations, how- 
ever, the graft must come from a cadaver, 
Theoretically, cadavers would seem to 
provide an ample supply of organs. When a 
person dies, many of his organs and tissues 
remain alive from a few minutes to sev- 
eral hours after the brain is dead and the 
heart has stopped. Brain death, which can 
be diagnosed in a clear-cut manner, means 
that the person will not come back to life no 
matter what is done. From such bodies 
even the stopped heart is transplantable if 
this can be done without delay. 

However, only a small fraction of ca- 
daver organs can be used in actual practice. 
Organs of people dying of cancer or infec- 
tious diseases cannot be used. Nor can doc- 
tors use organs of people who die slowly, 
with a long terminal period characterized 
by low blood pressure. In such cases all 
organs deteriorate, Organs of elderly peo- 
ple also present drawbacks. 

The most suitable cadaver is a young 
person who has died from a severe head 
injury. However, the transplant surgeons 
must have legal permission for the donation 
before they can remove an organ. During 
the time needed to contact the next of kin 
and receive their approval, the organs often 
lose their viability and cannot be used. In 
the United States this situation may be rec- 
tified by the Uniform Anatomical Gift Act. 
This act provides that an individual may 
donate all or any part of his body for medi- 
cal use, the gift to be effective upon his 
death. To make such a donation the person 
need simply sign a Uniform Donor Card 
before two witnesses. This card, designed 
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to be carried on the person, provides a 
method by which the wishes of the individ- 
ual have the greatest likelihood of being fol- 
lowed immediately after his death. 

Speed, as we indicated, is essential if 
the organs are to be usable. To preserve a 
donor organ it should be removed immedi- 
ately after death. Special precautions also 
have to be taken to keep the organ alive 
until it is connected to the recipient’s circu- 
lation. Surgeons have developed various 
machines to maintain organs while they 
locate and prepare suitable recipients. 

The lower temperature of the organ 
during this interim period, the longer it will 
stay alive. Long-term storage of organs 
below freezing temperatures would be very 
desirable and would make it possible to es- 
tablish extensive organ banks. In this way, 
cadaver organs could be stored for weeks, 
months or even years, and used when—and 
where — required. However, organ banks in 
this sense do not exist—except in the case 
of the cornea of the eye, which is often used 
as a homograft. At present, only techniques 
for short-term storage (from a few hours to 
a few days) have been developed, and even 
these are not yet available on a wide scale. 

Sometimes an organ goes to waste 
because a suitable recipient cannot be 
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found. This problem is being ived 
through the formation of multi! pital 
organ registries. One of the first such regis- 
tries was established in Los Angeles. Pa- 
tients awaiting, for example, a | /ney 
transplant are tissue-typed at the tiny. their 
doctors decide that a transplant opera ior 1$ 
desirable. When a donor kidney becomes 
available it is typed and compared wit the 
tissue types of all potential recipients | ted 
in the registry. The recipient with th« yest 
match will receive the organ. 

A similar program in Europe, /uro- 


transplant, involves hospitals in fiv 
tions. A donor organ that become 
able in Belgium may be flown to a wailing 
recipient in Switzerland. The kidneys of a 
man killed in auto accident in West Ger- 
many may be transplanted into Dutch and 
British patients. Another such program, 
Scandiatransplant, operates in the Scandi- 
navian countries. As methods of preserva- 
tion improve, such interhospital and inter- 
national programs will probably increase In 
size and number. 


SURVIVAL RATES VARY 
In the following paragraphs, we will 


take a brief look at the major organs that 
have been transplanted in man. In general, 


echiques used were developed earlier 
iransplant operations on experimental 
nals such as dogs and chimpanzees. For 
mple, hundreds, perhaps thousands, of 
wt transplants were performed in ani- 
before one such operation was 

srmed in man. And, as early as 1902, 

ayeeons were reporting on attempts to 
nsplant kidneys from one animal to 
nother. 

Kidneys. Renal transplants lead all 
human transplants both in the number 
done and in the degree of success. More 
than 3,000 people have received new kid- 
neys. Hundreds of people are alive today 
who would otherwise have died. 

The best results are still obtained when 
the donor and recipient are members of the 
same family and have closely matched tis- 
sue antigens. In this group of patients the 
one-year-survival rate is now about 85 per 
cent. The 1-year-survival rate among pa- 
tients receiving cadaver organs is approxi- 
mately 50 per cent. Two-year-survival rates 
are, respectively, about 77 per cent and 
40 per cent. 

In many respects the kidney is an ideal 
organ to transplant. Its blood supply is sim- 
ple, usually consisting of one artery and 
one vein. The ureter, which connects the 


This diagram illus- 
BRONCHUS trates the surgical con- 


PULMONARY nections involved in 
VEIN transplanting a lung. 
As with other trans- 
plants, no nerve con- 
LEFT nections are made. 


LUNG 


kidney to the bladder, is the organ’s only 
outlet. The lymph system is not necessary 
for survival; neither is the nerve system. 
The kidney is easily accessible; it is not 
surrounded by a bony cage as are the heart 
and lungs. And if its natural site cannot be 
used because of a localized disease, the 
organ can be placed elsewhere. In fact, 
transplanted kidneys are usually inserted 
much closer to the bladder than is normal. 

Ifa kidney transplant fails, a second or 
a third transplant can be done. This is not 
too successful if the first transplant failed 
because of rejection. But if the first failure 
was due to a technical problem, the second 
transplant is usually a success. 

Heart. A historic “first” occurred on 
December 3, 1967, when Dr. Christiaan N. 
Barnard, a South African surgeon, per- 
formed the first human-to-human heart 
transplant. The recipient, Louis Washkan- 
sky, lived for 18 days before dying of pneu- 
monia. Other such operations were soon 
performed in a number of countries. Most 
of the recipients died shortly after the op- 
eration, either from infection or rejection. 
But some enjoyed many extra months of 
life. Philip Blaiberg, a retired South African 
dentist who was Dr. Barnard’s second 
heart-transplant patient, lived for 19/2 
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By completing the Uniform Donor Card, any U.S. 
citizen of sound mind and over 18 years of age may 
donate all or any part of his or her body to medi- 
cine. Individuals under 18 must have their dona- 
tions authorized by a legal parent or guardian. If the 
Prospective donor changes his or her mind about 
ben donation, all that is necessary is to tear up the 


months were leading active lives two years 


after their operations, 


The transplant technique used by Dr. 
Barnard and most other surgeons was de- 
vised by Dr. Norman E. Shumway of Stan- 
ford University, In this technique the recip- 
tent’s circulatory and respiratory functions 
are temporarily taken over by a heart-lung 
machine. The patient's heart is then re- 
moved, leaving only a small piece of the 
right and left atria. The donor heart is re- 
moved in the sAme manner and is attached 
to the corresponding parts in the recipient. 
In addition to the connection at the atria, 
the new heart must be joined to the recipi- 


ent’s aorta and pul artery. 


monary 
In late 1974 Dr. Barnard performed 
another experimental transplantation pro- 
cedure, He implanted a second heart ina 
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patient, leaving the patient’s diseased heart 


in place, and connected the circulat 


the two hearts, Heart diseases are 
and increasingly common cause ol 


But for the time being, are justifiable « 


ìi m 


de 


rigid criteria for recipient selection ar 


The patient must clearly be termin 
all other modes of therapy must has 
exhausted. In other words, he r 
dying, with a transplant operation | 
possible hope for life. In such in 
heart transplantation may prolong | 
at the same time provide knowled 
will gradually improve results in thi 
Liver. Although heart transplar 
been the most dramatic graft ope: 
they are not the hardest to perform 
transplant is much more difficult } 


the connections of the liver to surro 


Structures are much more complex 
Secondly, the liver is very sen 
interruption of its blood supply. 1 
between removal from the cadaver 
Sertion into the recipient must | 
short if the liver is to retain its viabili 


This diagram shows basically how Dr 
Barnard connected the circulation of tw 
in parallel. This was the first time the d. 
was sewn to the recipient's heart, giving 
tient two hearts working together 


n of 
ajor 
ath 
ly if 
net. 
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be 
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TWO-HEART HOOKUP 


Patient's aorta 


Right 
ventricle 
Secon 


Patient's 
left ventricle 


Anastomosis to 
patient's sorta 


left ventricle 


ary 


Second aorta 


The liver's functions are extremely 
| and complex, It has dozens of vital 
ibolic functions: making bile, metabo- 
ng and storing foods, producing antibod- 
ind so on, Deprived of his liver, a hu- 
) being can live no more than 36 hours. 
Che first liver-transplant operation in 
was performed in 1963 by Dr, Thomas 
tarzi and his colleagues at the Universi- 
Denver, Since that time more than 
) such operations have been done. At 
t seven recipients have lived for more 
1 one year, One patient lived for 29 
ynths after transplantation. 
So far these operations have been per- 
ed mainly on people suffering from 
er of the liver. However, with increas- 
experience and success, liver trans- 
ints will doubtless be offered to patients 
advanced cases of diseases such as 
hosis and hepatitis. 
ings. Transplantation of lungs has 
potential in treating advanced cases 
mphysem disease whose incidence 
nereased alarmingly in recent years. 
The surgical techniques involved in 
ing a lung are relatively simple. The 
rgan need only be connected to four 
tubes: the pulmonary artery, the two 


artificial kidney (arrow) 

ather large and bulky. It 

nsists of a coll surrounded 

by a large fluid bath that has a 

Mposition similar to human 

1 plasma. As the patient's 

9d flows through the coil 

waste substances pass from 

the blood into the bathing 
fluid. 


South African surgeon Dr. Christiaan Barnard has 
been a pioneer in heart transplant operations. 


pulmonary veins and the bronchus (the 
main airway to the lungs). But there are 
formidable problems—in addition to the 
ever-present threat of rejection. First, the 
new organ has no nervous connection with 
the respiratory center of the brain, This 
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Dr. Michael DeBakey of Baylor University used this 
booster pump to bypass the left ventricle in pa- 
tients needing temporary cardiac support 


makes it difficult to maintain normal func- 
tioning of the lungs. Second, fluids tend to 
accumulate in the organ, And third, the 
transplant, like any lung, is continuously 
exposed to the outside air and the germs it 
contains. This makes the recipient under 
immunosuppression very susceptible to 
infection, In fact, most lung recipients so 
far have died not of rejection but of severe 
infections 


THE FIRST LUNG TRANSPLANT IN A 
HUMAN BEING 


The first lung transplant in man was 
performed in 1963 by Dr. James D. Hardy 
and his team at the University of Mississip- 
pi Medical Center, The diseased lung of a 
58-year-old man was replaced with the lung 
of a man who had died of a heart attack. 
The transplant functioned normally for the 
18 days that the patient lived (he died of 
preexisting renal disease). By the carly 
1980's, some 50 people had received lung 
transplants. With the aid of drugs that help 
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to prevent tissue rejection, several nts 


have lived for more than a year. M m 
iting factors in lung transplantati ave 
been the generally poor health of t nt 
candidates and the lack of suitable 

Eye. Successful transplants the 
human cornea have been carrie in 
thousands of people. Some ey es 
render the cornea opaque, and thi ju 
al cannot see well—if at all. By gt n 
entire cornea onto an eye that h To 
diseased cornea removed, sight « 
stored. The cornea homograft is ust ie 
that has been preserved at 4° C for or 
four days, or one that has been f X 
three or four weeks at — 196° C. T o 
graft takes several weeks to h 1e 
technical problems may hinder ti ig 
process, but there are no problem - 
sue rejection as there are with o an 


transplants. Why? The cornea is 
rect contact with the blood vesse 
ing the eye. 

There have been attempts to g v 
ing lens from a donor to a livit m 


whose lens has been removed be of 
disease. Such attempts have been ly 
unsuccessful because the huma is 
extremely delicate. Artificial len ve 
been implanted in the place of hor fts 
These plastic lenses have restored i 
sion for far distances. But since t tic 
lens cannot change shape the wa ing 
lens can, vision at near distance be 


aided by spectacles. 


Other organs. Transplantatio vay 


soon prove valuable for orgar her 
than those discussed above, Dr. Georges 
Mathe of the University of Paris sees bone 
marrow transplants as a potential cure for 
leukemia. Spleen transplants may give 
hemophiliacs a chance to lead long, nor 


mal lives. Pancreas transplants are being 
studied as a cure for severe diabetes. This 
list could, theoretically, include every 
organ in the body. Yes, even the brain 
though few people envision this as ever 
becoming a reality. 

In addition to homografts, there are 
two other possible replacements for dis- 
eased organs: heterografts and artificial or 
gans. 


POTENTIAL OF HETEROGRAFTS 


The first transplant in man was actual- 
rformed four years before Dr, Barnard 
d his famous operation, It was a hetero- 
Dr. Hardy and his colleagues trans 
ted a chimpanzee heart into a 68- 
old man (they had planned to use a 
in-donor heart, but none was immed- 
y available). Although the patient died 
ifter the operation, it did demonstrate 
he organ could be easily preserved and 
anted, and that it could support the 
blood pressure. 
\ few kidneys from baboons and chim- 
es have also been transplanted into 
ins. Several of the chimpanzee organs 
oned surprisingly well. 
if heterograft operations can be perfect- 
‘ ey will greatly increase the number of 
; available for use in human beings. 
I he problems are more formidable. 


\t the present time, transplantation of 


primate organs into man is rarely 
ted 

TAINING LIFE WITH MAN-MADE 
JEVICES 


during the past two decades bioengi- 

have developed a number of artificial 

tutes for diseased tissues and organs. 

ome of these, such as kidney dialyzers, are 
rnal devices. Others, such as plastic 

he valves and artificial blood vessels, are 
implanted in the body, replacing the dis- 


eased or damaged part, Two devices are of 
special interest: the dialyzer, because of its 
great success, and the artificial heart, be- 


cause of its great potential. 

Artificial kidneys. The major function of 
kidneys is to remove wastes from the 
blood. The artificial kidney, or dialyzer, 
performs this function for a person whose 
kidneys do not work properly. Approxi- 
mately twice a week, for several hours at a 
time, the patient's blood supply is connect- 
ed to the machine via an artery in his arm or 
leg. The blood passes from this body into 
the tubes of the machine. Wastes pass 
through the walls of the tubes, and the 
cleansed blood flows back into a vein in 
the patient's body. 


Patients awaiting kidney transplants 
are often maintained on dialyzers until or- 
gans become available, Some patients with 
nonfunctioning kidneys cannot, for one 
reason or another, receive kidney trans- 
plants. They can be kept alive for years 
on these machines. 

Artificial hearts. In April 1969, Dr. 
Denton A. Cooley of St Luke's Episcopal 
Hospital in Houston, Texas, performed a 


Below: the artificial human heart shown here was 
used by Dr. Cooley in the first total replacement of 
a human heart by a mechanical device. Bottom 
this experimental artificial human heart was de 
veloped at the University of Utah by Or Clifford S 
Kwan-Gett 


University of Utah Medico! Conte 
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NIH/Science Source/Photo Researchers 


The Jarvik artificial heart, like the one implanted in 
the chest of Barney Clark, is powered by air com- 
pressed by an external electric pump mounted ona 
movable table. 


very controversial operation. He placed a 
Dacron and Silastic heart into a dying man. 
Three days later a cadaver heart became 
available and was used to replace the artifi- 
cial device. The next day the patient died, 
primarily of pneumonia and kidney failure. 

Some 13 years later, at the University 
of Utah Medical Center, an artificial heart 
powered by a 170-kilogram external system 
was implanted in the chest of 62-year-old 
Barney Clark. He died 112 days later of 
multiple organ collapse. The heart, still in 
perfect working order, had pumped regu- 
larly almost 13 million times. Experts be- 
lieve that even better hearts can be built, 
with their own implantable motors. But be- 
cause of the very high costs and risks as- 
sociated with continuous reliance on a 
mechanical heart, many authorities see its 
best use to be in sustaining a patient until a 
donor heart can be inserted. 


THE FUTURE: DOCTORS ARE OPTIMISTIC 


A Today many people are living rela- 
tively normal lives thanks to transplant 
operations. Such operations are becoming 
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common occurrences. In the case of ki 
neys, the procedure is no longer cons 
to be experimental; rather, it is an ac 


method of treating chronic kidney failure. 
Results being obtained in other tr: lant 
operations are improving. 

Of course, certain problems mus: first 
be solved. Foremost among th: is 
the rejection-infection phenomenon. ‘hen 
there is the problem of maintaining or- 
gans between the time they are removed 
from the cadaver and the time they are 
placed in the recipient. There is the prob- 
lem of not enough donor organs—and the 
problem of closely matching these | \it- 
ing recipients. But, as Dr. C. Walton Lille- 
hei, a surgeon at New York Hospital, has 
said; “You just can’t venture into ilder- 
ness and expect to find a paved road. All 


these problems are soluble—in time 


Dr. Lowell T. Harmison of the National Inst of 
Health Artificial Heart Program examines a cal! that 
has a totally implanted artificial heart-assis tem 
with internal power and automatic control: 


Notional Hear! tulo 


CANCER 


A cancer is a tumor—a growth or en- 
largement of the tissues. But not all tumors 
yy any means are cancerous. Actually, they 
ire divided into two general classes: malig- 
nant and benign. A malignant tumor grows 
ıpidly or slowly, and spreads from the 
lace in which it started to other parts of 
1e body, nearby or remote. A cancer isa 
malignant tumor. A benign tumor is con- 
ned to the area in which it originated. Its 
growth is usually slow. The term benign is 
omewhat misleading, since a benign tumor 
nay do harm. It would be better to refer to 
tumors of this type as nonmalignant. 

People sometimes use the word cancer 
ı the singular to refer to malignant growths 
in general, as if a single specific disease 

ere involved. It is more accurate to refer 
the cancers—a group of diseases that 
we certain features in common but that 
tay differ widely in other respects. How- 
r. the use of cancer in the sense of can- 
still persists. 

There has been a steady increase in the 
umber of known cancer cases in the last 
veneration. The cancers now cause the 
second-largest. number of deaths in the 
United States and in most countries where 
statistical records are well kept. In the 
United States, it is estimated that one out of 
every four persons will eventually have a 
malignant tumor. In children, the cancers 
ire the leading cause of death, not including 
accidents. 

There are various reasons why the 
cancers appear to be on the increase. For 
one thing, though their victims are to be 
found in all age groups, they are particu- 
larly apt to attack persons in their middle 
and advanced years. Naturally, since peo- 
ple live longer these days, there are more 
cancer victims than formerly. Again, with 
better methods of diagnosis, doctors can 
more readily recognize cancerous growths 
that would formerly have passed unnoticed 
or that would have been wrongly diag- 
nosed. It is believed, too, that certain habits 
and conditions of modern living, including 
heavy smoking and the pollution of the air, 
may expose people to more cancer-causing 
circumstances than before. 


ers 


Malignant cells (near the center of the photo) have 
enlarged, darkened nuclei and little cytoplasm. 
Above these are two normal cells with large masses 
of cytoplasm and small nuclei. 
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FALLACIES 
AND FACTS 
ABOUT CANCERS 


Will using aluminum cooking utensils cause a cancer 


Is there any evidence that irregularity of eating or 


Will eating hot foods cause a cancer? 


to develop? 


drinking causes cancer of the stomach? 


Can a cancer be caused by a bruise or injury? 


Note: Not from a single injury. 


Could one get a cancer from physical contact (such 


Could an animal with a cancer pass it on to a person 


who touched it? LE 
E 


Will eating meat from an animal who had a cancer 


cause a cancer to develop in a human being? 
o 


as kissing) with a person who has cancer? 


Do hemorrhoids ever turn into a cancer? 


Note: They may hide a cancer and should always be 
brought to the attention of the physician. 


Do corns or calluses ever turn into a cancer? 


Can one’s mental condition have any influence on the 


development of a cancer? 
o 


Note: Anyone can develop a cancer. 


Is it true that cancers usually develop in persons 


with poor health? 


Once cured of a cancer, can you develop 
another cancer? 


In the same place? 


In some other part of the body? 


Can a person with tuberculosis develop a cancer? 


Note: It has been suggested, but net proved. 
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CANCEROUS GROWTHS 


Growth is a normal characteristic of 
the human body, as it is of living things in 


general. The body develops from a single 
cell that has been fertilized. This cel! di- 
vides into two. The two cells divide into 
four, and so on, until a little ball is formed. 
The differentiation of cells into various tis- 
sues then begins. The normal human being 
develops until he is mature, and then he 
stops growing. Only when there is an injury 
is growth resumed, and then only to the 
point of normal healing. New cells are con- 
stantly being formed in the skin and other 
places, it is true, but these cells simply re- 
place those that have died. 

Cancers represent wild and uncon- 
trolled growths of cells, which form a highly 
erratic pattern. These cells resemble 
somewhat the noncancerous cells in a given 
tissue, but there are marked differences. 
Cancerous cells have a more primitive 


Jar in 


1clei. 


appearance. They are quite irr 
shape and have large and irregular 
They carry out few or none of the functions 
of normal adult cells. They are most likely 
to develop, in the case of men, in the skin, 
lungs, prostate gland, stomach, and intes- 
tines. In women, the commonest sites are 


the breast, uterus, intestines, skin, and 
stomach. 
Normal cells may be completely re- 


placed by tumor cells. Cancerous cells tend 
to invade surrounding tissues. They may 
even break off from the parent growth and 
migrate through the blood or lymph circula- 
tion to other parts of the body, perhaps far 
from the original site. Here they start new 
malignant growths. This process of cancer 
spread within the body is called metastasis. 

As they continue to grow in uncon- 
trolled fashion, malignant tumors become a 
menace to life. They interfere with bodily 
function. The pressures that they create 
produce severe pain when nerves are af- 
fected. Malnutrition goes hand in hand with 
cancerous growth. The cancerous tissue 
seems to draw to itself the nutrients taken 
into the body. Normal tissues are deprived 
of their fair share of these nutrients. 


lymph vessel 


ies 


lymph node 


lymph vessel 
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TYPES OF CANCERS 


Various cancers cause various signs 
and symptoms, or changes in function, ac- 
cording to the kind of tissue or body part 
nvolved. For example, a cancer of the pi- 
tuitary gland, or hypophysis, may cause 
abnormal growth, and the victim may be- 
come a dwarf or a giant. When the pancreas 
is affected, there are often digestive disturb- 
ances and diabetic symptoms. In the brain 
and spinal cord, a malignant growth some- 
time causes paralysis. Some cancers can 
erode blood vessels and cause sudden 
death by hemorrhage. 

Physicians classify cancers according 
to the tissues in which they originate. We 
can list only a few representative types 
here. The carcinomas arise from the cells 
of the skin, the lining membranes of inter- 
nal organs, and the glandular organs. The 
sarcomas develop in muscles, bones, carti- 
lages, and connective tissues. Cancers orig- 
inating in the network of supporting 
connective tissues in the brain and central 
nervous system are called gliomas, A par- 
ticularly dangerous type of cancerous 
growth is the melanoma. This is a rapidly 
growing pigmented tumor. It originates in 
certain types of pigmented moles found on 
the skin. If these moles are irritated, they 
may become malignant, and the resulting 
cancers metastasize rapidly. 


@® cancer cell 


lymphocytes 


Some cancers spread via the lymph system. In this 
process, cancerous cells break off from the parent 
growth. They enter nearby lymph vessels, which 
carry them to the lymph nodes. From the nodes, the 
cancerous cells are spread throughout the body. 
Thus, new malignant growths are set up in organs 
far from the site of the original tumor. 


The lymph nodes and other tissues of 
the lymphatic system give rise to cancerous 
growths called lymphomas. The condition 
known as Hodgkin's disease is now recog- 
nized as a lymphoma. It was formerly re- 
garded as an infectious disease. Another 
lymphoma is lymphatic leukemia. It is 
marked by enlargement of the lymph nodes. 
The white-cell-forming centers in these 
nodes become unduly active, and the num- 
ber of white cells becomes abnormally 
great. The liver and spleen are enlarged. An 
acute form of anemia sets in. 


CAUSES AND CONTRIBUTING FACTORS 


In the present state of our knowledge, 
it is still not clear just what causes a can- 
cer. However, there are certain more-or- 
less well-established contributing factors. 
These include environmental agents (chem- 
icals, radiation), the genetic background 
of the individual, gross chromosomal ab- 
normalities, hormonal dysfunctions, and 
viruses. 

Most theories of how cancer is caused 
at the molecular level focus on events that 
might occur in DNA (the genetic material) 
to lead to a breakdown in the growth-con- 
trol of cells, resulting in the formation of 
cells with malignant behavior. Such events 
include alterations in genetic material, or 
the addition of new material by viruses, or 
simply the activation of normal genes that 
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Tars found in cigarettes will produce skin cancer 
when applied to the skin of laboratory mice. 


are always present but not active, as when 
embryonic genes become ‘‘turned on” in 
some specific liver cancers in adult hu- 
mans. 

Some cancers may arise as the result 
of a two-step process; the steps could be 
separated by years. The first step, initia- 
tion, involves a permanent change, such as 
a mutation, while the second step, promo- 
tion, involves an irritation that causes the 
initiated cells to divide. Some substances in 
the environment are initiators and some are 
promoters. 

There are several examples of how 
chronic irritation predisposes to cancer. 
Cancers of the lip may occur when tobacco 
pipes are smoked. Irritation due to broken 
or malformed teeth has often led to cancer 
of the tongue or cheek. People who have 
been exposed for many years to sun and 
wind have developed cancers of the skin. 
We should point out, however, that a great 
many people experience chronic irritations 
of various kinds without developing malig- 
nant growths. It would appear, therefore, 
that irritation by itself would not suffice to 
cause cancer. There must also be some- 
thing in the tissues that increases the like- 
lihood of malignancy. 

The theory of irritation through hor- 
mones has been advanced. It seems clear 
that there is a relationship between hor- 
mones and cancer. According to studies, if 
rats are given high levels of specific hor- 
mones, they have an increased rate of car- 
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cinogen-induced liver cancer. On the other 
hand, removal of the pituitary, thyroid, or 
adrenal glands prevents a variety of carcin- 
ogens from inducing liver cancer in rai 

As yet, there is no conclusive proof 
that viruses cause all cancers, although they 
are believed to cause several cancers We 
know that tumors containing viruses ‘ove 
been transplanted successfully from one 
animal to another. So far, however re 
is no real evidence that viruses or «ny 
other infectious agents can cause cancers 
to be transmitted from one human being to 
another. One suspect is the her 
virus, which has been linked to car n 
the human genital region. 

According to a recent theory, cancer is 
the result of viral genes that were incorpo- 
rated into the host species’ genes long be 
fore. These pieces of viral gene sit quietly 
on chromosomes and are passed on fom 
generation to generation. At some poin 
however, these so-called oncogenes are a 
tivated by chemicals, radiation, or other 
means. 


Viral particles have been identific' in 
human tumors, such as Burkitt's = 
phoma, often on the same chromosome as 
immunoglobulin genes. It is proposed that 


whatever activates the immunoglobwiin 
genes also activates the cancer-producin 
oncogene in the same way. 

More and more cancer researchers are 
pointing an accusatory finger at the envi- 
ronment. They believe that most human 
cancers are, in part, caused by exposure to 
cancer-causing substances in the environ- 
ment. These include naturally occurring 
agents in our diets, air, and sunlight, in ad- 
dition to man-made substances. 

There is much controversy over the 
role of atmospheric pollution as a cause 
of cancers. It is true that these diseases 
are more apt to strike city dwellers than 
country dwellers. It is also true that the at- 
mosphere over cities is often seriously pol- 
luted with the products of combustion of 
coal and oil, with the gases arising from 
various chemical processes, with motor-eX- 
haust gases, with a heavy blanket of soot. 
The increase in industrialization runs Vir- 
tually parallel with the increase in lung can- 


a 


cer cases. Yet we cannot say that there is 
necessarily a cause-and-effect relationship 
here, since many other factors are in- 
volved. 

Statistical studies in the United States 
and elsewhere leave not the slightest doubt 
that heavy smoking of cigarettes is asso- 
ciated with the increase in the number of 
lung cancer cases. There is as yet no posi- 
tive evidence that cigarette smoking alone 
causes lung cancer. However, the statistics 
are disturbing, to say the least. 

It is well known that excessive radia- 
tion will cause cancerous growths. Early 
investigators who used X rays without ap- 
propriate shielding and other protective 
devices often fell victim to the radiation, 
ind some of them developed cancers. In 
recent years, more and more attention has 
been drawn to radiation as a cause of malig- 
nant growths, what with weapons based on 
nuclear fission and the increasing use of 
radioactive substances in medicine and in 
industry. 

Careful studies have been made of the 
amount of radiation that an individual can 
endure without running into danger. The 
safety margin is not so great as was for- 
merly believed. The average person can 
withstand only a limited amount of radia- 
tion in a lifetime. Cosmic rays, to which we 
are all exposed, account for some of it. A 
certain amount of radiation stems from 
medical and dental X rays. More may come 
from radioactive fallout resulting from the 
setting off of atomic bombs or from the es- 
cape of radioactive materials into the com- 
munity from industrial establishments or 
wastes. 

The association between skin cancer 
and sunlight has been known since the 
early 1900's. Ultraviolet radiation in sun- 
light is absorbed mainly by the skin. In hu- 
mans the incidence of skin cancer is related 
to exposure to sunlight and intensity of 
solar radiation. Care to avoid overexposure 
to this cancer-causing agent is important. 

Chemical substances added to food or 
used in the manufacture of products may 
have some bearing on the development of 
cancers. Substances believed to produce 
cancer are known as carcinogens. 


Many chemicals, some used widely in 
industry, are suspected or known carcino- 
gens. One such compound is vinyl chloride, 
which is widely used in the plastics industry 
and is suspected of causing a rare type of 
liver cancer. Benzene, a very common 
compound, is suspected of causing leu- 
kemia. TRIS, a chemical used to make 
children’s clothing fire retardant, is also a 
suspected carcinogen. 

Some inorganic compounds are also 
suspected culprits. Inorganic arsenic com- 
pounds, used in the pesticide industry, have 
been linked to cancer-caused deaths among 
industry workers. Asbestos, used as an in- 
sulating compound, is known to cause a 
type of lung cancer called asbestosis. Fine 
particles of silica dust, the products of 
foundry operations, are responsible for sili- 
cosis, another lung cancer. 

Federal law in the United States re- 
quires that any substance that is shown to 
cause malignancy in animals must be ex- 
cluded from human foodstuffs and cosmet- 
ics. With this in mind, researchers are now 
making extensive studies on many sub- 
stances used in the preservation, coloring, 
flavoring, conditioning and preparation of 
foodstuffs. 

There are also naturally occurring 
chemical substances in foods that are car- 
cinogenic. Examples include nitrites, ni- 
trates, and nitrosamines, the consumption 
of which may be related to stomach and 
esophageal cancer. It is important not to be 
frightened of foods naturally containing 
these substances, but to avoid eating exces- 
sive amounts of them. 

In addition, other naturally occurring 
chemicals in foods seem to act as anticar- 
cinogens. In the future, after more re- 
search, careful planning of diets to delete 
carcinogenic compounds and include anti- 
carcinogens may be an important strategy 
in minimizing some cancer diseases. 

What of heredity? Is a person more 
likely to develop a cancer if other members 
of his or her family have been cancer vic- 
tims? There are at least 14 cancers that are 
clearly inherited. For example, a cancer of 
the eye called retinoblastoma is a heredi- 
tary tumor. 


CANCER 


475 


476 


Some of these cancers involve a ge- 
netic predisposition toward the dise 
and the cancer is expressed after the person 
is exposed to a specific environmental 
agent. For example, a genetic disorder 
called xeroderma pigmentosum predis- 
poses a person to skin cancer because it 
prevents the repair of genetic material dam- 
aged by the ultraviolet radiation in sunlight. 
This damage can cause skin cancer, 

According to one theory, a family with 
a genetic tendency toward developing can- 
cer may have more cancer-producing on- 
cogenes and genes that are more easily 
activated than do other families. 


DIAGNOSIS 


We cannot at present prevent the for- 
mation of malignant growths, It is extremely 
important, therefore, to detect a malignant 
condition at the earliest possible stage. We 
should be on the lookout for precancerous 


Or. George Papanicolaou, developer of the Pap 
test. The Pap test is a simple, painless procedure 
for detecting cancer in its early stages in various 
organs. 


American Concer Society 
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growths—growths that may ultimately 


velop into cancers. For example, ther iy 
be a change in the mucous membrane 
covering the tongue or lining the mouth 
cavity, causing a patchy appearan i 
condition known as leukoplakia, or white 
patches. It is very definitely a precancerous 
condition. The person in whom it a rs 
should not only consult a doctor but d 


at once give up the use of tobacco is- 
tence of sore places in the mouth or on the 
lips is potentially precancerous. In I 
persons, a small sore may develop e 
skin, heal, and then come back. Such s 
should not be neglected, because thi 

be and often are precancerous. Ir 
Cases, precancerous growths rapid! 
velop into cancers. In other cases, as much 
as ten years may elapse before the growths 
become malignant. Sometimes they 
become cancerous. 

The American Cancer Societ iS 
given wide publicity to the symptor vat 
may indicate precancerous or cancerous 
growths. Here is a list of these symy 


1, Unusual bleeding or discharge 

2. A lump or thickening in the tł st 
or elsewhere. 

3. A sore that does not heal 

4. Change in bowel or bladder habit 

5. Hoarseness or cough. 

6. Indigestion or difficulty in swallow- 
ing. 

7. Change in size or color of a wart or 
mole. 


If a person has any of these symptoms 
only once, there is no reason to be alarmed. 
However, if they persist or keep coming 
back, it is time to consult a physician 

It will be easy for the physician to 
recognize certain types of cancers that can 
be seen or felt. In other cases, various 
tested methods of diagnosis will be used. 
Diagnostic methods in the detection of 
cancer will vary according to type and loca- 
tion of suspected cancer tissues. For ex- 
ample, transilluminating, or shining light 
through, breast tissues may reveal opaque 
masses that can later be further explored by 
palpation, or feeling with the hands, and 


Applying radiation treatment for 
cancer at the Karolinska Hospital 
in Stockholm, Sweden. A beam of 
radiation is focused on a malig- 
nant tumor. Such therapy is ef- 
fective in eradicating or retarding 
some types of localized cancer. 


biopsy. The most reliable is the technique 
known as biopsy, which consists of a 
microscopic examination of a small portion 
of the suspected cancer. In some cases, 
such as those involving growths on the 
breast, the biopsy can be performed 
quickly. After an incision is made, a small 
bit of tissue is removed from the suspected 
area. It is frozen and examined under the 
microscope while the patient is in the op- 
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erating room. If the report indicates that 
the growth is cancerous, the surgeon pro- 
ceeds with the necessary operation. If the 
report is negative, he merely removes the 
tumor. 

The so-called Papanicolaou technique, 
or *Pap™ test, is used in examining secre- 
tions from the lung, stomach, mouth, intes- 
tines, bladder, and, most commonly, the 
cervix and uterus, It is based on the fact 
that malignant growths on the surface of 
internal organs shed their cells into the se- 
cretions from these organs. The cells can 
then be identified under the microscope. X 
rays are also a valuable means of diagno- 
sis, particularly in cases involving the 
digestive tract, kidneys, and chest. 


TREATMENT 


There was a time when a diagnosis of 
cancer was equivalent to a sentence of 
death after prolonged suffering. Today one- 
third of all persons with cancers can be 
cured, This number could be increased to 
one-half the total number of cases if more 
people paid attention to the warning signs 
and procured medical treatment promptly 

All cancers start at some definite lo 
tion in the body, and few start in more than 


The effect of radiation on living cells. Top: this pho- 
tomicrograph shows a normal plant cell about to 
divide. The chromosomes in its nucleus have split 
into two similar groups. Bottom: this plant cell has 
been exposed to a damaging dose of X rays. The 
chromosomes are tangled, frayed, and broken. 
Such a cell may die or, if it lives, may pass along its 
altered heredity to future generations. It might even 
produce cancerous growths. 
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one place at the same time. It is vitally im- 
portant to root out a cancer completely at 
its starting point before it invades nearby 
tissues or sends malignant cells to other 
parts of the body. 

There may be a choice of therapy in 
the treatment of a given cancer. The physi- 
cian will select the most promising method. 
For example, some malignant tumors are 
preferably treated with various kinds of ra- 
diotherapy, or radiation treatment. In the 
radiation treatment, X rays or radioactive 
substances are employed. Beams of radia- 
tion are focused on the tumor, killing the 
cancer cells. In some cases, minute parti- 
cles of radioactive material are inserted di- 
rectly into the cancerous tumor, so that the 
radiation reaches the tumor cells without 
having to pass through normal tissues. Oth- 
ers respond to drug treatment, although, 
at present, there is seldom any permanent 
cure to be obtained with drugs. Surgery is 
preferred if it is at all possible. The surgery, 
which may be extensive, involves com- 
pletely removing the cancerous growth. 
Whether surgery alone will be recommend- 


A technician at the U.S. National Cancer Institute 
uses a gas chromatograph to analyze a compound 
suspected of being carcinogenic. 


Notional Cancer Institute 


¥ 


ed, or radiation alone, or a combination of 


surgery and radiation will depend or the 
location of the tumor, the stage o! its 
development, and the condition of the pa- 
tient. In some cases, radiation is usec be- 
fore the operation; in others, after the ope: 
ation; in still others, both before and 21 
Chemotherapy, or drug treatment, 1s t 
in some cases to supplement other àt- 
ments. Many different chemicals have been 
used singly or in combination with other 
chemicals, as in the treatment of certain 
forms of leukemia. 

Some tumors are hormone-dependent, 
that is, they change in size as certain hor- 
mone levels are altered. Cancer of the pros- 


tate in males can be checked by means of 


female hormones. Breast cancers ti 
males are controllable to a certain extent 


by the male hormone. The tumor cells, 
however, often lose their dependence on 
hormones as time passes, so hormona! ap- 


proaches to cancer treatment have yiv ded 
variable results. 

After a person has been treated ‘or 
cancer with apparent success, a five-ysar 
waiting period must follow. If no cancerous 
growths develop within this period, he or 
she may be presumed to be cured, all! ugh 
this is not absolutely certain. It is important 
that he be under medical supervision during 
this five-year wait. 

Even when there is no hope of saving 
the patient’s life, radiation or surgery Or 
both may still be useful in relieving pain and 
increasing the patient’s comfort. In addi- 
tion, sedatives, pain-killing drugs, or, in 
some cases, selected hormones can help to 
keep pain under control. 


RESEARCH 


Research in cancer is being conducted 
today in many laboratories and clinics. 
Physicians and biologists have noted many 
peculiarities about the cancer cell, but they 
do not yet fully understand the significance 
of all their discoveries. Among the abnor- 
malities of cancerous cells are the follow- 
ing. There are more chromosomes, Or units 
of heredity, in a cancer cell than in a normal 
cell. Fragmentation of chromosomes ap- 
pears in some cancer cells. Also, malignant 


e, Mount Sinai School of Medicine, New York 


rhere is growing concern over the presence of carcinogenic compounds in 
ustrial processes. Vinyl chloride has been linked to 
ey, Here, workers who have been exposed to the compound are screened for 
e cancer. Vinyl chloride is only one of many known or suspected carcinogens 


sat are common in industry. 


cells are interconnected by very thin 
strands of protoplasm. Another phenome- 
non displayed by cancer cells is that they 
can be most dangerous when they are disin- 
tegrating. When they do so, they release 
harmful substances that damage the organs 
and tissues of the body. 

Cancerous tissues are also covered 
with antigens that are somewhat like the 
antigens produced by infectious germs in 
the body. The body secretes antibodies to 
combat invading antigens, as part of its im- 
munity defense. Certain authorities believe 
that some people develop cancers without 
knowing that they do so. The cancers, how- 
ever, are rapidly destroyed by antibodies. 
Drugs and vaccines that stimulate a per- 
son’s immune responses to cancer are 
being sought. 

The body also secretes a biochemical 
known as interferon, which interferes with 
the development of viruses invading the 
body. It has been found that interferon also 
causes some tumors to regress OF even van- 
ish in animals. Drugs that stimulate the 
body’s production of interferon may prove 
to be highly effective against certain can- 
cers. One such drug, Poly-I-C, has combat- 
ed tumors in animals. Some authorities, 
however, do not think that interferon pro- 
duction is the real solution to the cancer 
problem in humans. Clinical trials now 
under way should improve our understand- 
ing of the effectiveness of interferon. 


a rare form of liver can- 


Another class of body secretions is the 
so-called chalones, which are normally pres- 
ent and prevent many kinds of regular 
body cells from multiplying much of the 
time. Tumor cells have been found to be 
low in chalones, while otherwise-normal 
cells near the site of the malignancy are 
high in chalones. Experimental injection of 
chalones into cancerous laboratory animals 
causes certain tumors to decrease or even 
disappear. 

Cancer cells are actually more suscep- 
tible to drug action when they are growing 
and multiplying. Certain drugs may be very 
potent in attacking cancer cells during 
growth. For example, the drug L-asparagi- 
nase stops the spread of leukemia (blood- 


cell cancer) by destroying certain chemical 


foodstuffs needed by growing leukemia 
cells. L-asparaginase is undergoing clinical 
tests on human patients at present. 

The early detection of cancer is vital 
for its cure. Simpler and surer tests for can- 
cer are being sought, especially those based 
on blood and urine sampling. A recent 
blood test has revealed the presence of in- 
testinal cancer very precisely in humans. 

There is no reason to believe that re- 
searchers will not eventually be successful 
in finding cures for cancers. In the mean- 
time, the terrible toll that cancers take 
would drop significantly if people learned to 
recognize the symptoms and consulted a 
doctor as soon as possible. 
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ANTIBIOTICS 


“Wonder drugs.” “Miracle drugs.” 
These descriptions were frequently used 
when antibiotics first came into wide use in 
the late 1940s and early 1950s. Exaggera- 
tions? Yes, but antibiotics have, without 
any doubt, revolutionized the practice of 
medicine throughout the world. Diseases 
that once killed and caused serious and of- 
ten long-lasting illness can now very often 
be treated successfully. Among these dis- 
eases are pneumonia, typhoid, scarlet fe- 
ver, tuberculosis, and many other infec- 
tions caused by bacteria, fungi, and other 
microorganisms. 

Antibiotics have also had great impact 
on veterinary medicine, animal nutrition, 
and the preparation and preservation of 
foodstuffs, 


WHAT ARE THEY? 


Antibiotics are chemical substances 
that can inhibit the growth of or in some 
cases destroy bacteria and some other mi- 
croorganisms. The antibiotics themselves 
are produced by living organisms, such as 
molds and bacteria. If a product of a living 
organism is found to have antibiotic proper- 
ties, it is cultured. The antibiotic is isolated 
and means for producing it in large quanti- 
ties are devised, 

There are now more than 80 known 
antibiotics, Each antibiotic does not have 
an effect against all bacteria, however. 
Rather, antibiotics are selective. Each anti- 
biotic is effective against just some micro- 
organisms —a specific spectrum or range — 
and generally not against others not in that 
spectrum. Some are effective against a 
large range of microorganisms; these anti- 
biotics are known as broad-spectrum anti- 
biotics, 

HOW THEY WORK 


There are basically two types of anti- 
biotic action: bacteriostatic action and bac- 
tericidal, or bacteriolytic, action. Antibiot- 
ics that are bacteriostatic inhibit the growth 
of sensitive organisms without actually de- 


ANTIBIOTICS 


stroying them. Bactericidal antibiotics 
the sensitive organisms by interfering \ 


one or other of their biochemical functions. 


Some bactericides, such as penici 
and bacitracin, block the synthesis of 
rial cell walls. Others, including poly 
and novobiocin, combine with the mi: 
ganism’s cell membrane and block the 
sage of nutrients and waste products 
another —tyrocidin—actually destroy 
cell membrane. Antibiotics such as eryt! 
mycin and the tetracyclines block 
synthesis in the bacterial cell. Still 
block nucleic acid synthesis and the bind 
of vital trace elements. With importar 
chemical functions turned off in the 


Molds that have potential for use as antibiot 
first isolated and then incubated in a test tubs 
test tube holds a colony of Streptomyces rir 
Spores from this colony will be used to pro 
larger quantities of the mold. 


Pfizer Inc 


Tasting for antibiotic power. If the disks containing 
mold fluids inhibit germ growth around their mar- 
gins, then they have antibiotic power against that 
specific germ. 


ria, the microorganism is no longer able to 
damage normal cells and produce disease. 


THE FIRST ANTIBIOTICS 


The first antibiotic to be used in treat- 
ing human disease was tyrothrycin, derived 
from Bacillus brevis, a soil bacterium, and 
isolated by René Dubos of the Rockefeller 
Institute for Medical Research (now Rock- 
efeller University) in New York City. Ty- 
rothrycin is still used, but on a very modest 
scale, since it is highly toxic. It serves only 
in treating infections on the surface of the 
body. 

The first of the antibiotics to attract 
worldwide attention was penicillin, an acid 
produced by the mold Penicillium notatum. 
A British scientist, Sir Alexander Fleming, 
discovered in 1928 that his cultures of bac- 
teria would not grow in the presence of this 
mold. He found that the mold produced a 
substance —penicillin—that was toxic to 
various disease-causing organisms. Flem- 
ing did not carry forward his investigation 
of penicillin, and his epoch-making discov- 


ery was all but forgotten. 

Several years later Sir Howard W. 
Florey, Ernst Boris Chain, and others in 
England decided to investigate the possibil- 
ities of pencillin in the treatment of various 
infections. In 1941, the drug was first ad- 
ministered to human beings, with amazingly 
successful results. In the summer of that 
year Florey came to the United States to 
seek help in producing penicillin in quanti- 
ty. This goal was achieved by the following 
year through the efforts of the U.S. drug 
industry and the U.S. Department of Ag- 
riculture’s Northern Regional Research 
Laboratory. Penicillin was employed ex- 
tensively in the 1940s to prevent infection 
of wounds sustained during wartime and it 
saved many lives. Since that time many 
thousands of millions of units have been 
used in the treatment of disease. 

Penicillin is generally given by injec- 
tion. It is given by mouth in some cases. It 
is active chiefly against gram-positive bac- 
teria. This name is given to bacteria that 
hold a purple dye when stained by a method 
developed by the Danish physician Hans 
C. J. Gram. These bacteria include the 
streptococci and the staphylococci. 

Bacteria that do not hold the dye when 
stained by Gram’s method are called 
gram-negative. Penicillin is not effective 
when used against most gram-negative 
bacteria or the tiny bacterialike organisms 
called rickettsiae. Penicillin is useful in the 
treatment of bronchitis, meningitis, osteo- 
myelitis, tonsilitis, tetanus, and various 
other diseases. It also combats infection in 
burns and wounds. 


NEWER ANTIBIOTICS 


Another important antibiotic is strep- 
tomycin. It is derived from Streptomyces 
griseus, a microorganism growing in the 
soil. Streptomycin was isolated in 1943 by 
Selman A. Waksman and his assistant Al- 
bert Schatz at Rutgers University. It was 
first used on human beings in 1945, It is 
particularly effective in treating tuberculo- 
sis. It has been used to combat meningitis, 
peritonitis, abscesses of the liver, and infec- 
tions of the urinary tract and lungs. Strepto- 
mycin is much more toxic than penicillin. It 
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selected readings 


MAMMALS 


GENERAL WORKS 


Kurten, Bjorn. The Age of Mammals. New York: Columbia 
University Press, 1973; 250 pp., illus.—The history of life on 
earth during Cenozoic time, as described by a leading pa- 
leontologist in lively style, 


Laycock, George. People and Other Mammals. Garden City, 
N.Y.: Doubleday, 1975; 143 pp., illus.—The natural history of 
many kinds of mammals, from shrews to whales. 


Walker, Ernest P., et al. Mammals of the World. Baltimore: 
Johns Hopkins University Press, 3d ed., 1975; 2,142 pp., illus. 
—The standard reference book, in English, on living mam- 
mals, 


Whitaker, John O. The Audubon Society Field Guide to 
North American Mammals. New York: Knopf, 1980; 745 pp., 
illus. Compact guide with considerable information on the 
habits of individual species, attractively illustrated. 


SEA MAMMALS. 


Baily, Jane H. The Sea Otter's Struggle, Chicago: Follett, 
1974; illus.—Warmly written account of a typical sea otter's 
life and ecological role. 


Cousteau, Jacques-Yves, and Philippe Diolé. Diving Com- 
panions: Sea Lion, Sea Elephant, Walrus, New York: Double- 
day, 1974; 304 pp., illus. —Valuable mainly as a picture book. 


» Dolphins, Garden City, N.Y.: Doubleday, 1975; illus. 
—Sea-explorer Cousteau narrates his adventures with dol- 
phina and describes the scientific research being done on 
them. 


Dobbs, Horace. Follow the Wild Dolphins. New York: St. 
Martin's, 1982; 263 pp., illus.—The story of a personal 
friendship with a bottle-nose dolphin in the Irish Sea. 


Ellis, Richard. The Book of Whales. New York: Knopf, 1980; 
260 pp., illus.—Describes each whale in detail, with excel- 
lent illustrations by the author. 


Stephen, David, ed., Dolphins, Seals and Other Sea Mam- 
mals. New York: Collins-Putnam, 1973; 88 pp., illus.—For all 
ages; a very good reference book with color Photographs. 


CATS AND DOGS 


Carlson, Delbert G., D.V.M., and James M. Griffin, M.D. Dog 
Owner's Home Veterinary Handbook. San Francisco: Howell 
Books, 1980; 366 pp., illus.—Complete, up-to-date lay per- 
son's guide to veterinary medicine. 


Cook, David and Valerie Pitt. A Closer Look at Dogs. Ni 
York: Franklin Watts, 1975; 30 pp., illus.—Dog behuvior oe 


amined in terms of ancestral wolf behavior, with beautiful 
illustrations, for grades 5-12, 


SELECTED READINGS 


. A Closer Look at Great Cats. New York aklin 
Watts, 1975; 30 pp., illus.—The behavior of great cats in the 
wild, with maps showing their distribution, and + some 
pictures; grades 5-9. 

Eaton, Randall L. The Cheetah: The Biology, Ecology. and 
Behavior of an Endangered Species. New York: Van Nos- 
trand Reinhold, 1974; 178 pp., illus. —A summary of what is 
known about this fast-running large cat. 

Thomas, Harold E. Coyotes; Last Animals on £ New 
York: Lathrop, Lee & Shepard, 1975; 124 pp. i The 
behavior and intelligence of the coyote and its rei n to 
the human environment; good for general lay audie 

Van Lawick, Hugo. Solo: The Story of an African Wi: Dog. 
Boston: Houghton Mifflin, 1974; 159 Pp., illus.—The ‘life 
story of a pack of wild dogs in Africa, especially one named 


“Solo” by Van Lawick. 


PRIMATES 

Amon, Aline. Reading, Writing, Chattering Chir New 
York: Atheneum, 1975; 118 pp., illus.—A well en ac- 
count of our efforts to communicate with chir ees 


through visual signs and symbols; for grades 5-9. 


Fossey, Dian. Gorillas in the Mist. Boston: Houghior tilin, 
1983; 326 pp., illus.—Some events in a 13-year Jy of 
mountain gorillas in rain forests of central Africa 

Freeman, Dan. The Great Apes. New York: Bison Books/ 
Putnam, 1979; 192 pp., illus.—Clearly written account of the 
most current information on chimpanzees, gori!las. and 


orangutans, 


MacKinnon, John. /n Search of the Red Ape. New Yo 
Rinehart & Winston, 1974; 222 pp., illus.—Nat. 
scribes his life in Borneo and Sumatra rain forests 
the orangutan; grades 7-12, 


Napier, Prue. Monkeys and Apes. New York: Bantam, 1973; 
159 pp., paperback, illus.—Covers both fossil and living pri- 
mates; checklist of species is included. 


OTHER MAMMALS 


Bailey, Bernadine. Wonders of the World of Bears. New 
York: Dodd, Mead, 1975; 63 pp., illus —Good reference for 
all kinds of bears; grades 5-9. 


Conklin, Gladys. The Llamas of South America. New York: 
Holiday House, 1975; 64 pp., illus —A simple, informative 
approach that works in the history of llamas and their pos- 
sible extinction in the future. 


Devereux, Frederick L., Jr. Horses. New York: Franklin 
Watts, 1975; 66 pp., illus.—Useful reference for younger 
readers already interested in horses. 


Hanby, Jeannette. Lion Share. Boston: Houghton Mifflin, 
1982; 221 pp., illus.—A true story of a pride of lions on the 
Serengeti plains of Africa. 


Jenkins, Marie M. Kangaroos, Opossums, and Other Marsu- 
pials. New York: Holiday House, 1975; 160 pp., illus.—All the 
basic facts about pouched mammals. 


Koch, Thomas J. The Year of the Polar Bear. Indianapolis: 
Gobbs-Merrill, 1975; 150 pp., illus.—The life of a polar bear 
in the Hudson Bay region; for grades 7 on up. 


Laycock, George. The Camels: Ships of the Desert. Garden 
City, N.Y.: Doubleday, 1975; 58 pp., illus.—Good introduc- 
tory account of camels and of their use by humans. 


Lockley, A. M. The Private Life of the Rabbit: An Account of 
the Life History and Social Behavior of the Wild Rabbit. New 
York: Macmillan, 1974; 152 pp., illus —The firsthand ac- 
count of a naturalist. 


MacClintock, Dorcas. A Natural History of Giraffes. New 
York: Seribners, 1973; 134 pp., illus. —Thorough review of 
what is known about the physiology and behavior of gi- 
raffes; striking silhouette illustrations, 


Mellanby, Kenneth. The Mole. New York; Taplinger, 1973; 
159 pp., illus.—The characteristics and behavior of the Eu- 
ropean mole, with a chapter on other animals with similar 
life-styles; for high school students, 


Patient, Dorothy Hinshaw. Weasels, Otters, Skunks and 
Their Family. New York; Holiday House, 1973; 95 pp., illus.— 
The Mustelidae and their evolution, charmingly illustrated; 
for grades 5-9 or older. 


Poling, James, Beavers: Their Extraordinary Lives and Curi- 
ous History. New York: Franklin Watts, 1975; 85 pp., illus.— 
For junior high school readers. 


Stadtfeld, Curtis K. Whitetail Deer: A Year's Cycle. New York: 
Dial, 1975; 163 pp., illus. —Through the story of Michigan's 
whitetail deer, the author provides good insights into inter- 
relationships in nature; grade 7 on up. 


Taketazu, Minoru, Fox Family: Four Seasons of Animal Life. 
Tokyo: Weatherhill (dist. by Charles E. Tuttle Co.), 1979; 139 
pp., illus, —Elegantly written essay on the seasonal activities 
of foxes, accompanied by excellent photos. 


HUMAN SCIENCES 
PHYSIOLOGY 


Barash, David P. Aging. Seattle: University of Washington 
Press, 1983; 240 pp.—A readable exploration of the biologi- 
cal processes, history, and social aspects of aging. 


Barnard, Christiaan, and John Illman, eds. The Body Ma- 
chine. New York: Crown, 1981; 256 pp., illus. —A system-by- 
system look at the human body. 


Bevan, James. The Simon and Schuster Handbook of Anat- 
omy and Physiology. New York: Simon & Schuster, 1978; 96 
pp., illus. —Useful simplified sourcebook. 


Brooks, Stewart M. Basic Science and The Human Body: 
Anatomy and Physiology. St. Louis: C. V. Mosby, 1975; 481 
pp., illus.—A clearly written introduction to human anatomy 
and physiology; suitable for high school readers. 


Dement, William C. Some Must Watch While Some Must 
Sleep. San Francisco: W. H. Freeman, 1974; 148 pp., illus.— 
Fine introduction to sleep research; good for general reader 
and student alike. 


Diagram Group. The Brain; A User's Manual. New York: Put- 
nam, 1982; 191 pp., illus —A visual approach to the study of 
the nervous system; for the general reader, 


Elgin, Kathleen, The Human Body: The Muscles. New York: 
Franklin Watts, 1973; 72 pp., illus.—A good reference work 
for advanced elementary school students. 


Knight, David C. Your Body's Defenses. New York; McGraw- 
Hill, 1975; 95 pp., illus.—The body's various ways of pro- 
tecting itself, with a discussion of related diseases and 
conditions; grades 5-9. 


McNamara, Louise Greep and Ada B. Litchfield. Your Living 
Bones. Boston: Little, Brown, 1973; 32 pp., illus. —For young 
readers, an accurate and well-illustrated account of the 
human skeleton. 


Miller, Jonathan. The Body in Question. New York: Random 
House, 1979; 352 pp., illus. —New insights into human phys- 
iology over the centuries, well arranged. 


. The Human Body. New York: Viking, 1983; illus. —An 
atlas of human anatomy and a work of art, featuring pop-up 
three-dimensional models of the body; for junior high 
schoolers and adults. 


Mylander, Maureen. The Great American Stomach Book, 
New Haven: Ticknor & Fields, 1982; 269 pp.—The workings 
of the digestive system and how to keep it in order. 


Nilsson, Lennart, with Jan Lindberg. Behold Man: A Photo- 
graphic Journey of Discovery Inside the Body. Boston: Lit- 
tle, Brown, 1974; 243 pp., illus—Impressive photographs, 
many taken with light or electron microscopes, of anatomi- 
cal features of the human body. 


Stevens, Leonard A. Neurons: Building Blocks of the Brain, 
New York: Crowell, 1974; 87 pp., illus.—The history of the 
study of the neuron and how it functions in the body; grades 
7-12, 


Stonehouse, Bernard, et al. The Way Your Body Works, New 
York: Crown, 1974; 96 pp., illus. —Well-illustrated text on 
human structures and their functions, in atlas format, with 
chapters on growth, disease, evolution, and so forth; for 
student or layman. 


HEALTH AND DISEASE 


Ammer, Christine. The A to Z of Women's Health, New York: 
Facts on File, 1983; 481 pp., illus—A comprehensive guide 
to women's bodies from birth to old age. 


Ashley, Richard, and Heidi Duggal. Dictionary of Nutrition. 
New York: St. Martin's, 1975; 236 pp., illus.—Practical refer- 
ence guide to nutritional information, including nutrition- 
related diseases; senior high. 


Braverman, Jordan, The Consumer's Book of Health, Phila- 
delphia: W. B. Saunders, 1982;305 pp.—How to find and 
evaluate health-care services. 


Cain, Arthur H. Young People and Health. New York: John 
Day, 1973; 171 pp., illus. —General, well-balanced review of 
diet, weight, exercise, and other health matters. 


Carroll, David. The Complete Book of Natural Medicines. 
New York: Summit Books, 1980; 416 pp., illus.—A compen- 
dium of natural home remedies, with easy-to-follow direc- 
tions for treating common ailments. 
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Denney, Myron K., M.D. Second Opinion. New York: Grosset 
& Dunlap, 1979; 204 pp.—Helps patients provide their own 
second opinion by describing why half of all operations may 
be unnecessary. 


Finnerty, Frank A., Jr., and Shirley Motter Linde. High Blood 
Pressure; What Causes It, How to Tell If You Have It, How to 
Control It for a Longer Life. New York: McKay-Pavillion, 
1975; 299 pp., illus.—Two experts in the field of high blood 
pressure describe its physiology, diagnosis, and treatment; 
senior high on up. 


Glucksberg, Harold, and Jack W. Singer. Cancer Care. New 
York: Scribners, 1982; 435 pp.—Nontechnical explanations 
of the types of cancers, treatments, and the role of heredity 
and environment in the disease, 


Gregg, Walter H. Physical Fitness Through Sports and Nutri- 
tion. New York: Scribners, 1975; 112 pp., illus —Readers, 
grades 5 through 12, are encouraged to find a good condi- 
tioning program and appropriate sport for themselves; 
background discussion of physiology. 


Hyde, Margaret O., and Elizabeth Held Forsyth, What Have 
You Been Eating? Do You Really Know? New York: McGraw- 
Hill, 1975; 146 pp., illus.—A sensible review of nutrition, 
foods and additives, diets, food faddism, and related topics; 
for the general reader. 


Klein, Stanley. The Final Mystery. New York: Doubleday, 
1974; 86 pp., illus—Human concepts of death through the 
ages, for grades 5-9. 


Leisy, Jim. Calories In/Calories Out. Brattleboro, Vt.: Ste- 
phen Greene Press, 1981; 128 pp., illus.—Refreshing facts- 
and-figures, rather than pop-psychological, approach to 
weight control and fitness, 


Long, James W. The Essential Guide to Prescription Drugs. 
New York: Harper & Row, 1982; 935 pp.—A source of basic 
information about commonly used drugs. 


Majno, Guido. The Healing Hand: Man and Wound in the 
Ancient World, Cambridge, Mass.: Harvard University Press, 
1975; 571 pp., illus.—Shows the common sense behind 
many ancient medical practices; for grade 7 on up. 


National Research Council. Diet, Nutrition, and Cancer. 
Washington, D.C.: National Academy Press, 1982; 496 pp.— 
A summary of the most significant information on diet and 
cancer, with recommended dietary guidelines. 


Peavy, Linda, and Ursula Smith, Food, Nutrition, and You. 
New York: Scribners, 1982; 197 Ppp., illus.—The body's nutri- 
tional needs; directed at teenagers. 


Pilgrim, lra. The Topic of Cancer. New York: Crowell, 1974; 
255 pp., illus.—A compassionate review of cancer research 
and its relationship to actual human experience. 


Regestein, Quentin R., and James R. Rechs. Sound Sleep: 
Key to a Healthier Life. New York: Simon & Schuster, 1980; 
288 pp.—Causes and cures of sleep disorders, in a well- 
Conceived self-help book, 


Seymour, Rogers James. The Heart Attack Survival Manual: 
A Guide to Using CPR (Cardiopulmonary Resuscitation) in a 
Crisis. New York: Spectrum/Prentice Hall, 1981; 117 pp. 
illus.—This fine work, one of few on the subject, describes 
signs of a heart attack and how to administer CPR in a vari- 
ety of circumstances. 


SELECTED READINGS f © 
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PSYCHOLOGY 


Arehart-Treichel, Joan. Biotypes; The Critical Link @:iween 


Personality and Health. New York: Times Books “ist. by 
Harper & Row), 1980; 288 pp.—Examines the min y link 
in personal health and suggests that a greater unc» siand- 
ing of the relationship between personality and he: may 
lead to disease prevention through behavior modification. 
Cohen, Daniel. Intelligence: What Is It? New York Mi Evans, 
1974; 159 pp., illus.—For junior high schoo! on us- + well- 
balanced discussion of what is meant by "intelliges: >" and 
the pros and cons of intelligence tests. 

Howells, John G., ed. World History of Psychiatry “co. York 
Brunner/Mazel, 1975; 770 pp., illus —A compr siva ref- 
erence work that really does include the whole with 


good bibliographies; for senior high on up. 


Laiken, Deidre S., and Alan J. Schneider, Listen 
Angry. New York: Lothrop, Lee & Shepard, 1989 
Lucid, highly practical explanation of a compl: 
written for young people. 


Lieberman, Morton A., and Sheldon S. Tobin. T} jeri- 
ence of Old Age. New York: Basic Books, 1983; 43 llus. 
—An examination of the responses of the elder'y | loca- 
tion and other major stresses. 

London, Perry. Beginning Psychology. Homewood. |) Dor- 
sey Press, 1975; 655 pp., illus.—For the advancec ena 
clear and well-written text that also includes disc is of 
vocational and avocational aspects of life. 

McGough, Elizabeth. Your Silent Language. New \ Mor- 
row, 1974; 128 pp., illus.—For the lay reader, a g tro- 
duction to “kinesics,” the nonverbal communicat own 


as "body language." 


Suinn, Richard M. Fundamentals of Behavior Pathology. 
New York: John Wiley, 2d ed., 1975; 595 pp., illus. or the 
older reader who is not a psychology major; an ir ating 
introduction to the subject of abnormal behavior 


DRUGS AND SMOKING 


Edwards, Gabrielle |. The Student Biologist Explores Drug 
Abuse. New York: Richards Rosen Press, 1975; 112 pp. illus. 
—A brief, factual review of commonly abused drugs; slang 
terms are included to help identify specific drugs. 


Fleming, Alice. Alcohol: The Delightful Poison: A History. 
New York: Delacorte, 1975; 138 pp., illus.—Insights into the 
uses and abuses of alcohol by societies throughout history, 
along with the social impact of alcoholism; for grades 7-12. 


Fried, Peter A., and Harry Oxron, M.D. Smoking for Two: 
Cigarettes and Pregnancy. New York: Free Press, 1980; 151 
Pp.—If you are, don't. Timely and up-to-date, both scientifi- 
cally and socially. 


Madison, Arnold. Smoking and You. New York: Julian 
Messner, 1975; 64 pp., illus.—A simple account of the 
facts known about smoking and health; for younger readers. 


Tracy, Don. What You Should Know About Alcoholism. New 
York: Dodd, Mead, 1975; 157 pp., illus.—Simple and direct 
advice on how to deal with and give help to an alcoholic; for 
the general reader. 
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ASTRONOMY 

SPACE SCIENCE 
COMPUTERS 
MATHEMATICS 

EARTH SCIENCES 
ENERGY 
ENVIRONMENTAL SCIENCES 
PHYSICAL SCIENCES 
GENERAL BIOLOGY 
PLANT LIFE 

ANIMAL LIFE 
MAMMALS 

THE HUMAN SCIENCES 
TECHNOLOGY 


